CONJUGATED DI ENE PCLYMER, PROCESS FOR PRODUCI NG SAME,
AND CONJUGATED DI ENE POLYMER COWVPGCSI TI ON AND
VULCANI ZATE Techni cal Field The present
invention relates to a conjugated diene polyner and a
process for produci ng sane, and a conjugated di ene
CONJUBSATEDMRIENE AORYNER, VEROCE 28t FORBRR@DUOINGOSAME,
the I nvention In recent years, with the
AN} & WNJUEAITED rDdNEE ROLY MiEReGOMP QB b ONrAND eV UeGANIZATE
for good fuel econony for autonobiles has been
becom ng stronger, and there is also a demand for
Techuiesl [Fégld f uel econony for pol yner conpositions used
for autonobile tires. As a polymer conposition for
aut oHfishipresentr éwendiopofejates tsbrqo@@mug@tect afipne spelymer and a
conj ugat ed di ene pol yner such as butadlene or a
prosa%%&rew@dgweeﬁ?én%o@aﬂ Areqnidgated ohqemer eplygigrreqgposition and a
car.bon bl ack, etc. is used and, for exanple, a polyner
VUIGHHFRIEi ti on enpl oying as the conj ugated di ene pol ymer
a polyner formed by nodifying with a dial kyl am no
roup- coptai ni ng.acrylamde a term nal of a polymner
izing but adi ene and styrene using

a qlk I lithium as,a,pol ner ization initiator e
hgcaht ViR 39t B iRt B ghah et iRl augblems
theg?etr{'? ﬁoﬁ'pido%aﬂgg%ﬁ@&’%gqﬁ%g@ﬁﬁaw’e%n@% @?% bggorpﬁg stronger,

amfﬂﬂﬁég?? @ﬁ%% V|ny ?&2?8 88 n1né¥h@ itions
used RSH éﬂﬁméﬁifémﬂasby R@pé"dbiﬁﬁélz 'cBHwH%%Ft%ﬂ' ﬁﬁea@l%%oblle tires, a

styrene using an al kyllithi'umas a pol ynerization

polymkt | @bRipdsiR@ ecdmprA§ing- JaZl:ESﬁﬂl@)atecﬁ BRIngM™epolymer such as
conposi tion enpl oying as the conjugated di ene pol yner

polybuytatienerorfaobutadiene-syebirfeycopmlytehanad @i fillek guahiagaarbon black,
group-cont ai ni ng al koxysilane a term nal of a polymer

etcfisrused dand, fard gxcaamplei apdiymedcamposition epyllgying iasithg conjugated
but adi ene and styrene, using an alkyllithiumas a

dieps| polgmeraai palyimern ifamoed (kyeemedifying Pwith63- téBky8mimal group-
JP- A- 2005- 290355), etc. have been profposed as pol ymer

cor&@ﬁw@suaqrﬂﬁml%vangerguaal fafelr dohyvel . fopneds byueeaplymerizing
of, the I nvention However, the above-nentioned

butediRpg N ﬂarerﬁowﬁerarbawwmwm@%ad&wfegzwrﬁmmator (see e.g.
I ROTEAFRA7 S A BRI, FoBaNele 2N YRR, TG doplcaton
pufERGTTI ' kidwth. P G‘refrbé:ré'mc%fﬁ' & ﬁ@ﬁﬁpasrameoéf qﬁ%inrgeymgfas the
conid;é%t%“?l%‘"# CHONmEE 8 o BoRERY. ol el noifvﬁw@e with

I ey
copdlyRRErANg )Hmédléﬁéré?ﬁi EtyPénd ersm@daﬁ)’alﬁyﬂﬁhhﬂh% bhﬁolymenzatlon

Ba

conj ugated di ene polyner and afiller” such as Sil
initidtte fleey @ geuPLANed1 P SCta hitlyiee neaRsesio loYkhg as the
nmeans descgr,TFbed in (1) 8%(10?%}(15) and (16) g)d?tcgJ

conjilated ddiédd )pdlyméei 4 polyimerhfamedpbefraodiégng ndvmdl areiidiRylamino
are al so shown below. (1) A conjugated di ene polyner
grogpitpniaining alkoxygilaget adedingvat-dfas gublyroes fotned tbyu pdtymerizing
and a constituent unit represented by Fornula (1)
butadiebe, on hepelymerizinge hutagigne aegr@y@neewsusg ramr aﬂnyﬁutr(wm as a
bei ng present between a conjugated di ene-b
pol%ﬁ@%@’ft%fbmlt@ﬁr t(S@@e-8- Jhnigal &V 48 ane- 6%3%8005 290355), etc.
constituent unit, and the content of the constituent
unit represented by Fornula (1) being 1 unit or 2
units per polyner chain,



CH2 -CH Si X3(1) x2 (in the forrmula, X1, X2, and X3

i ndependently denote a group represented by Formul a

(I'1) below, a hydroxy group, a hydrocarbyl group, or a

substituted hydrocarbyl group, and at |east one of Xi,

X2, and X3 is a group represented by 2 Fornula (11)
havediemn propaséy as poyyrgeocepssitibhs harg (goodtfoel écormmy,

R1 and R2 i ndependently denote a hydrocarbyl group

having 1 to 6 carbons, a substituted hydrocarbyl group
Bridi Summaty bbthe leaebtiors, a silyl group, or a substituted

silyl group, and Rl and R2 may be bonded so as to

f or Howexgst hthe wabdvea-mentioaed mecoaverntiopast palymere)conf@)sitions

the conjugated diene polyner according to (1), wherein
conmarisingl arpngfgated gigne polymesase inﬁﬂab@yéeaﬁtlsgac&omn Hgtms of the

group, an et h?/l group, an n-propyl group, or an . .
balaﬂ%ggwe@ncfyg, economy and processability, particularly when silica is used
as afiller.

Under such circumstances, an object of the present invention is to provide
a conjugated diene polymer that can give a polymer composition having excellent
fuel economy and processability when combined with silica as a filler, and a
conjugated diene polymer composition formed by combining the conjugated diene
polymer and a filler such as silica.

The above-mentioned object has been accomplished by means described
in (1), (10), (15), and (16). (2) to (9) and (11) to (14), which are preferred
embodiments, are also shown below.

(1) A conjugated diene polymer comprising a conjugated diene-based constituent
unit and a constituent unit represented by Formula (I) below, the constituent unit
represented by Formula (l) being present between a conjugated diene-based
constituent unit and a conjugated diene-based constituent unit, and the content of

the constituent unit represented by Formula (1) being 1 unit or 2 units per polymer

chain,
CH, CH
X! —8i—x° (D)
X2

(in the formula, X', X3, and X® independently denote a group represented by
Formula (ll) below, a hydroxy group, a hydrocarbyl group, or a substituted

hydrocarbyl group, and at least one of X', X3, and X is a group represented by

2



(3) the conjugated diene polyner according to (1) or

(2), wherein two of X1, X2, and X3 of Formula (1) are

a group represented by Forrmula (I1) or a hydroxy

group, (4) the conjugated di ene polymer according to

any one of (1) to (3), wherein, with the content of
Fortriwta ¢lbnhelgatarda lydrory gesgr) constituent unit as 100 nol

% the cqnjugated di ene polyner has a vinyl bond

content Rof not Il ess than 10 nol % but not nore than 80

nol 9@/ (5) the conjugated diene pol ner accordlng to

—ey-ldne of (1) to (4), wherein it cb i ses,

additbqn to the conjugated diene-based constltuent

unit anR"t he constituent unit represented by Fornula

(1), an aromatic vinyl-based constituent unit, (6)

t he conjugat ed di ene pol yner according to (5),
(in theefoeinala, R'tand R# irndepehdentydéenote 4 hpdroeaibyligtaep having 1 to 6

di ene- based constituent unit and the aromatic
carbomy,|a balssidutedrigidrocarbyl gnoup revird0 téBbsarbengta silyl lgeoup, or a

content of the aronatic % based constituent unit
subistituied sllyigouh,aandﬂ %ridyR%/\mwrbe bandedso asrte formntageter with

7) the conjugated di ene polynmer according
thewiaknp ariag ructure} o (6), mhereln t he conjugated di ene
| ymer has a Mooney viscosity

(2) firmronyosiad ﬂ@nerﬁqlw&haﬁchmg b @9)%%@% wfﬁ%@f Formula

0 ST SIS A0S 5ch, S  hLpug. o on -

bt{ﬁye ﬁht di stribution of 1to 2, (9) the conjugated
Uty i Eppol ynmer according to any one of (1) to (8),

() 5Bl P.at OV et Bl T el Ra) 5”5%5@ 8 of X, X,

and ROt FB Ulta {()J]c@ %&s‘éﬂté@ﬁﬁ%rﬂb%gg roxy group,

COITpOSI Ining the conju I ene

4) Pr‘Ré %Hﬁjﬁgﬁf&ﬁﬂi@h@%&)ﬂnéf‘k&?@lr\g to(dny 5Re 69)1 )at6d(3§ wherein, with

(11) the conjugated ene ‘pol ynmer ‘conposition

thea@@rﬁém B the dohfligatedeliendrbhbed avpeituedt unitl 4€r100 mol %, the
conbined is not l'ess than 10 but not nore than 150

conpagated ifeve pglymerdiaat & winyl boh8Copéeritof ot lessottanofO trivd % but
anount of conjugated di ene polynmer conbined, (12) the
notaoojeuthandd miokfe pol ymer conpositi on according to (10)
or (11), wherein the filler conprises silica,

(5) tthe cmnugajad atient @olymenl geeardingnisosny iane af:éb)rtm f@ wherein it
(12), wherein the anount, of silica conbined is no
com@ré,%ea, Hanadditieartosthey corivgated: dieaerhasad cgoﬁltaan& gntsyand the
ght of the total anpunt of Llller conb |ne %é%
consﬁw%ﬁmfg%%asweﬂéwpspvﬁﬁka dorbSrRMEHC FHY rbaﬁ Qastituent
ﬁny one of (10) to (13), wherein it further conprises
NS vul cani zi ng agent and/ or a vul cani zati on

(6) A5 %loﬁfu%ta?éd diene polymer according to (5), wherein, with the total amount
of the conjugated diene-based constituent unit and the aromatic vinyl-based
constituent unit as 100 % by weight, the content of the aromatic vinyl-based
constituent unit is not less than 10 % by weight but not more than 50 % by weight,
(7) the conjugated diene polymer according to any one of (1) to (6), wherein the
conjugated diene polymer has a Mooney viscosity (ML1+4) of not less than 10 but

not more than 200,



(15) a vul cani zate fornmed by wvul cani zi ng the
conj ugat ed di ene pol ynmer conposition according to
(14), and (16) a process for producing the conjugated
di ene pol yner according to any one of (1) to (9), the
process conprising steps A, B, and C below (Step A a
(8) teepomjligpteldydiene zpatgmer aocanderg twoapy iosenaf @) dorfy ) geiterdin the
di ene in a hydrocarbon sol vent by an al kali netal
conjugaded dienet pnlgmer has@ molesulan yeaight disteibetipnof frde 2,
having at a polyner chain term nal an al kali netal )
(9) tha gemigaiey dieom palwmenaaegiding foseey OBP ef &0de (8, wherein the

addi ng a_silicon conpound represented Formula (I]1
congiugRt v rEPIRAANGRA DY orPrEBl @ (| )d %pl%d@ﬁﬁylajgﬁlpéajkﬂva@bf ilane-

oasBdichRSBBGY HAEI ng from an al kali metal cat af‘sz‘ | gﬁ'd'

(10f ERRh tetffﬁﬁgem"fﬁa?ﬁ B gt eind] B BBt ine cBniugated
dieriEoRhet acPofihg REbnf BRbior ALB QFpd it i kel | et a
(R I O AR it

amduitesr fillericsihBmedl isAAGH REsathERNA Ut FRITPMoPe Wﬁa@ 150 parts by
conj ugated diene to a hydrocarbon sol ution of

we:?l@tnde‘lél%el@ O ® partd Pyywsighhav tHedambut @pbdrﬁjagatélaadnane polymer
ermnal a structuré in which an al kali ngetal

combihgd,nati ng froman alkali nmetal catalyst is bonded to

a constituent unit represented by Fornmula (1) bel ow,
(12} thescaryugatedi diemegy polyenerocompositidn teondaigy/ e (10 oai(h1), wherein
the tfiI?(grncizonrﬁplarisi_ézscsiﬁ:cl:_zla,X4
(13) the conjugated diene polymer composition according to (12), wherein the
amount of silica combined is not less than 50 parts by weight relative to 100 parts
by weight of the total amount of filler combined,
(14) the conjugated diene polymer composition according to any one of (10) to
(13), wherein it further comprises a vulcanizing agent and/or a vulcanization
accelerator,
(15) a wulcanizate formed by vulcanizing the conjugated diene polymer
composition according to (14), and
(16) a process for producing the conjugated diene polymer according to any one
of (1) to (9), the process comprising steps A, B, and C below
(Step A) a step of polymerizing a monomer comprising a conjugated diene in a
hydrocarbon solvent by an alkali metal catalyst, thus giving a conjugated diene
polymer having at a polymer chain terminal an alkali metal originating from the

catalyst,

(Step B) a step of adding a silicon compound represented by Formula (1ll) below



X6 Si

to a hydrocarbon solution of a conjugated diene polymer having at a polymer
chain terminal an alkali metal originating from an alkali metal catalyst and reacting
the silicon compound with the polymer chain terminal, thus giving a conjugated
diene polymer having at a polymer chain terminal a structure in which an alkali
metal originating from an alkali metal catalyst is bonded to a constituent unit
based on the silicon compound represented by Formula (ll1), and

(Step C) a step of adding a monomer comprising a conjugated diene to a
hydrocarbon solution of a conjugated diene polymer having at a polymer chain
terminal a structure in which an alkali metal originating from an alkali metal
catalyst is bonded to a constituent unit represented by Formula (1) below, thus

polymerizing the monomer at the polymer chain terminal

H,C——=CH
XA —8j—x?® (I1D)
XS

(in the formula, X*, X%, and X° independently denote a group represented by
Formula (l1) below, a hydrocarbyl group, or a substituted hydrocarbyl group, and

at least one of X*, X%, and X® is a group represented by Formula (I1) below)

—N (1D)
RZ

(in the formula, R' and R? independently denote a hydrocarbyl group having 1 to 6
carbons, a substituted hydrocarbyl group having 1 to 6 carbons, a silyl group, or a
substituted silyl group, and R! and R? may be bonded so as to form, together with

the N atom, a ring structure)



x5 (in the formula, X4, X5, and X6 i ndependently
denote a group represented by Formula (11) below, a
hydr ocar byl group, or a substituted hydrocarbyl group,
and at | east one of X4, X5, and X6 is a group
rep ente? y Formula (11) below R N \R2 (in the
T Tormma, Fiand R2 i ndependently denote a hydrocar byl
group havifjg 1 to 6 carbons, a substituted hydrocar byl
group having 1 to 6 carbons, a silyl group, or a
substjtuted silylsgroup, and Rl an may be bonded
SO Fﬁ’T&WTW—T %ether wWith the hﬁgﬁgnl a ring
structure) | CH2-CH Xs -Si X3(1)

X2

(in the formula, X', X?, and X® independently denote a group represented by
Formula (lI) below, a hydroxy group, a hydrocarbyl group, or a substituted
hydrocarbyl group, and at least one of X', X2, and X® is a group represented by

Formula (ll) below or a hydroxy group)

—N (IT)
R

(in the formula, R" and R? independently denote a hydrocarbyl group having 1 to 6
carbons, a substituted hydrocarbyl group having 1 to 6 carbons, a silyl group, or a
substituted silyl group, and R' and R? may be bonded so as to form, together with

the N atom, a ring structure).

Advantageous Effects of the Invention

In accordance with the present invention, it is possible to provide a
conjugated diene polymer that can give a polymer composition having excellent
fuel economy and processability when combined with silica as a filler, and a
conjugated diene polymer composition formed by combining the conjugated diene
polymer and a filler such as silica. The conjugated diene polymer composition

has excellent fuel economy and processability and has good grip properties.

Detailed Description of the Invention

The conjugated diene polymer of the present invention is a polymer

comprising a conjugated diene-based constituent unit and a constituent unit



x2 (in the formula, X1, X2, and X3 independently
denote a group represented by Formula (11) below, a
hydr oxy group, a hydrocarbyl group, or a substituted
hydr ocar byl group, and at |east one of X1, X2, and X3
Is a group represented by Fornmula (I1) below or a
repiesdntedy by FoumulaR{|) bélow, 'the Bnéiitoehhenit ospresenteBlbyaRdrmula (1)
R2 i ndependently denote a hydrocarbyl group having 1
being presanbobetweans wstirjugatdd hdibrecbadsd cprstifudmviung and a
to 6 carbons, a sayl group, or a substituted silyl
conjlgated digne- pas%m@opatltngpt baitband dde contantiqf ’m@rmnstltuent unit
together with the N atom .a ring structure).
repregeatRcy 5aEmeer (Hceing ! ttrnteon%vem pghpolymer chain.
nce @igh the present invention, it is possible
to provide conj ugat ed di ene polyner that can give a
pol ymer composition having excellent fuel econony and
processabil ity when conbined with silica as a filler,
and ayt at ed g ene pol yner conpé$ition forned by
conbi'ni ng the conjugated di ene polyner and a filler
such as S|I40a The conj ugated di ene pol yner
conposi ti omxhas excel | ent fuel econony and
processability and has good grip properties. Detail ed
Description of the Invention The conj ugat ed

(In hersmgby DET Y& dride XPringepéndentgniemitel & ?{099' MREsented by

conpri sing a conj ugated di ene-based constituent unit
Formitfa (11§ oeslbwt U Mydddky groap) es entirstablyyl Fgrdnpi aoi( la) substituted
bel ow, the constituent unit represented by Fornmula (I)
hydhssarylpgrespnantiedtieast ene ofi)Xigxf eanddEris-dgamep represented by
constituent unit and a
Formula (il) below or a hydroxy group.)

—N (1D

(In the formula, R' and R? independently denote a hydrocarbyl group having 1 to 6
carbons, a substituted hydrocarbyl group having 1 to 6 carbons, a silyl group, or a
substituted silyl group, and R' and R? may be bonded so as to form, together with
the N atom, a ring structure.)

Examples of the conjugated diene-based constituent unit include 1,3-
butadiene, isoprene, 1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, and 1,3-
hexadiene, and one type thereof may be used or two or more types may be used.
From the viewpoint of ready availability, 1,3-butadiene and isoprene are
preferable.

X', X2, and X® of Formula (I) in the constituent unit represented by
Formula (1) independently denote a group represented by Formula (ll) below, a

hydroxy group, a hydrocarbyl group, or a substituted hydrocarbyl group, and at
7



conj ugat ed di ene-based constituent unit, and the

content of the constituent unit represented by Fornul a

(1) being 1 unit or 2 units per polyner chain. CH2 -CH

x2 (In the formula, X1, X2, and X3 independently

denote a group represented by Formula (11) below, a
leastyoexy X', o(fp,anal X ds ecgrdng representedr by Fomiveda ()t bdlow or a

hydr ocar byl group, and at |east one of X1, X2, and X3
hydrexyagmpupup represented by Fornmula (11) bel ow or a

hydroxy group.) R \R2 (In the fornula, Rl and R2

independeR{Iy denote a hydrocarbyl group having 1 to 6

carbons,/a substituted hydrocar by& roup having 1 to 6

carbomd, a silyl group, or a subs E]ﬁut ed silyl group,

and R1 2%%2R2 may be bonded so as to form together

wWth the atom a ring structure.) Exanpl es

of the conjugated di ene-based constituent unit include

1, 3- butadi ene, isoprene, 1, 3-pentadiene,
(In the3formoiz, R/ 1ard R? independertly dedote, Bhydrecartiyk gegupaaving 1 to 6

one type thereof may be used or two or nore types may
carbens)sesubstitatedtHydrataraplggroup dfavingat o &vearbems,ia sifyl group, or a

1, 3-but adi ene and igopreng are preferable. X1, i
subgfitutech gilw@reep.~nd R @ndiR° mavtheebeoded se @sre farm: together with

represented by Fornula (1) independently denote a

the i} sinr2 FPESENCBE®YY Fornula (11) below, a hydroxy

%;gr Cﬁ?@?ﬁ%&@a@nglgﬁ@ﬁy&%’no% 5 hsi/%*r)osée{r )l/Jlt Sldoup having 1 to 6
carbons, a substituted hydrocarbyl group having 1 to 6 éarbons, a silyl group, or a
substituted silyl group, and R' and R? may be bonded so as to form, together with
the N atom, a ring structure.

In the present specification, the hydrocarbyl group denotes a hydrocarbon
residue. The substituted hydrocarbyl group denotes a group in which at least
one hydrogen atom of the hydrocarbon residue is replaced by a substituent. The
substituted silyl group denotes a group in which at least one hydrogen atom of a
silyl group is replaced by a substituent.

Examples of R' and R? include alkyl groups such as a methyl group, an
ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, a sec-butyl
group, a tert-butyl group, an n-pentyl group, a neopentyl group, an isopentyl
group, and an n-hexyl group; a cyclohexyl group; a phenyl group; alkoxyalkyl
groups such as a methoxymethyl group; a methoxyethyl group, an ethoxymethyl
group, and an ethoxyethyl group; and trialkylsilyl groups such as a trimethyisilyl
group and a t-butyldimethylsilyl group.

Examples of groups in which R' and R? are bonded include alkylene
groups such as a trimethylene group, a tetramethylene group, a pentamethylene

group, and a hexamethylene group; oxydialkylene groups such as an
8



| east one of X1, X2, and X3 is a group represented by
Formula (Il1) below or a hydroxy group. (In the
formula, Rl and R2 independently denote a hydrocar byl
group having 1 to 6 carbons, a substituted hydrocar byl
group having 1 to 6 carbons, a silyl group, or a
oxydiglisyléneit gebupi layid @mougxydipmapyénangrdRp; nagd baitiegedexdntaining
so as to form together with the Natom a ring
grogps usualr 8 a group represedtaR bmd@;hiy@t@alNHyCUIeﬂoarei aa group
hydr ocar byl group having 1 to 6 carbons, a substituted

reprgpentasklpyyFHefederNHati-ng 1 to 6 carbons, a silyl
e e aeathyl SioURAROTES DY AR o ePor 0 a5 erou,

t h {1
thet%@ﬂ%ﬁeﬁ by icaggrasen el IHaRL AEbT dS; Grsterably an

G TN R e .
1591 RS R USSRl TR WS A 1 0

carsurg\#; ??tﬁ{ﬂléﬁ QnauBistittietit ll':‘i n%ﬁo@lépse%léﬁ%ﬁﬁhgﬁ%g u cgnsisting of a
nitrék ary bt(ﬂﬁ%ﬂ?&ﬁhﬁ@'@%ﬁpaaﬁ%@gbnQét@Hﬂcorﬂ@nrﬁﬁ@b'ro@ % a silicon

n-propyl group, an isopropyl group, an nh-butyl

atomEMalnmgSerobpt)/é I‘deéhrb?l iepblp bHAYIhg 9N O, 6abarbons, or a
n-pentyl group, a neopentyl group, an Isopentyl group,

substittitedsih lgeowyp, syeonore preferablyresytstijutedhydsogdrbylydroup having
group; al koxyal kyl groups such as a net hoxynet hyl

1 togt oapnons inwtHicix pesuibvgtitugnbispa geoupesdiecteddtdn ithe goayp consisting
and an et hoxyethyl group; and trialkylsilyl groups

of aunitiogen atemicantaining ggoypgraj‘upxug@ gatom -containing group, and a

t-butyl di methyl silyl I&l;ﬁ npl es of groups
silicon aentEoRtaining groupy @ @eafbvlngqumhavlnw bie @P@ﬁh@@s ora

sucalbin Sl guirarsie prtaviishls et e gro i B, an
oS 8 D s fites
CH%%@Z'%%E? se&gg)ré‘iﬁj @rggeﬁéﬁa%Cﬁﬁg_ﬁ-ﬁ% NS rtlcularly

pre@é&'@?%@ﬁ%yi 81;58&? h%?gﬂ'b/?g c?.){ﬁ e%jj'l @ grrg ;F’rc?rf &l ﬂbdt}fyl group,
and58ah6st %fﬁhb%st | t g‘%r’ﬁ@{%'%tﬁ rguﬂgoxyal kyI

group, an gro I's preferably a

tri algrhSies Yof SiePdroup representeaI bpMEbriular @) RhEILEE adM Yacyclic
a substituted hydirocarbyl group having 1 to 6 carbons

aminB grbugand $ehalio amant giotipa Hsothe SSiche batind gedamthere can be
group consisting of a nitrogen atom containing group,

citedna akizlgglandhomgroap; ai di(aikoxyatkybansind grosp| iacdiftrialkylsilyl)amino
atom cont ai ni ng group, a hydrocarbyl group having 1 to

groépcethorsxaroplea thebsafi ingtusie si dipmethylaopno egreuppeediethylamino
preferably a substituted hydrocarbyl group having 1 to

group cardiherapy)aming geoun s di(iseprapyl}aming rasaup sa| dirufyl)amino
fromthe group consisting of a nitrq

gro'apom%onti&m-ggy haBiRo aarczssa/geﬁ atcﬁaﬁ’émﬂ)%m'ﬁ@ group, a

dl(r\%y Q%Bﬁpgﬁ&écqﬁgeﬁw&n trﬁihgg;r} HﬁrOUpmezhoxymethyl)ammo
arofity v iSRS, e’ & AEReBymegBsting, oroup, a
dl(e[Ph&w IJ%EH gy @o%%h%%byIQW}%nla?og%%%, and a di(t-

represented by -CH2CH2- N=CH, are particularly
preferably a methyl group, ap ethyl group, an n-propyl
group, or an n-butyl group, and are nost preferably an
et hyl group or an n-butyl group.



Exanpl es of the group represented by Formula (I11)

i nclude an acyclic amno group and a cyclic am no

group. As the acyclic am no group there can be cited a

di al kyl am no group, a di (al koxyal kyl)am no group, a

di (trialkylsilyl)am no group, etc. Exanples thereof
butyldlmﬁetﬁﬂsﬂyl rmqbrgrbam no group, a diethylam no group, a

di (n-propyl)am no group, a di(isopropyl)am no group, a

di ( examplés aofi the gydig ansindi greep- Inatude) anilqoyrogplidiy] group, a

di gett - butypam no group, a di (neopentyl)am no gr oup,
piperidine hygnoephyland nol -golymethyeneimine hoglguthhylsyx a 1-

group, a di (nmethoxyethyl)am no group
hexamethylengiminoy | gsdimo ¢t oup-h @t@neﬂmﬁn@@uw| yaraupe a  1-

group adl(trlrrethyIS|IyI)amno %rou and a di(t
oct%ne&hylm%nm si 9fAUPaNi 1R g Sgsamethylenéintiggnp greups a1

dodgCamEieRignes cbar TiesHdeartnURSHIRG Saudhedd a 1-
h h I

octﬁ%@mén@memﬁé?gﬁ%ﬁaeyg rtber B, of the 1wl Amigo grou

mcl%@@ é’*og',!,@ #ﬁgﬁg@ayg%g ))?J‘Po—qu?rﬂaazcﬂyllgroup, a 1-imidazolidinyl

no gr’oup,
t Eﬁ&&% a 1-
gro%%tagg camﬁﬁ? Qﬁ#%%hg‘d&lﬁ’lg%%h Or EG? exanpl es of the
CyClFrgma f 1 4dBnémy- laRtd3gady 1a@él%lbﬁhty,a the group
4, 5-di hydr dazol yl group, a 1-imdazolidinyl

repi@seHted By Foﬁhg%f ﬁlz)lnél?lrefﬁl‘éblip an@wgfcﬁc BRTIRG @rouls) rabRUPreferably
From t he vi ewpoi nt of econony and ready availability,

a diakynoinp rgroups eanddfirthdrorpreferalily | )a i dimpthflenddd y gesup, a
acyclic amno group, nore preferably a dial kyl am no
diethylanyino agebuipyr & hai{n-pregydleating gradipreohyd afifioutyh)amino agroup.
di ethyl am no group, a di (n-propyl)anm no group, or a
Amdmg nthiem. y frpami the gmm@mtA@énr@atheavarfahﬂﬁyt ak thempﬁund a
ready availability of the conpound, a diethylam no
dletgvlamjn@@aow and @ gj(n- gul)yb)ﬁfm@o grRipare: referabler abl e.
| es of the hydrocarb

Igs @ft henféy%ear&wﬁgr it Eagtee@ﬂém%sby%ﬁe@fhkiprmula
oy B S B , Te,
isortfiB; Bt Ay Batyifrtypsg%gﬁbﬁﬁwg%} 2 & tgroutyt group.
Furﬁ{e‘f’%?e Sé')‘é}n?%oxy h?ff%ﬁﬁt@ﬁl %88&%/?@5@3}?%‘]% AYkoxyalkyl

group, ‘a nne gr oup,

gro&’é% ﬁﬂch Er%ga Fﬁ%ﬁgg te?ﬂt lljg&gitﬁyédf eff éﬁ%ﬁ]’é{wly%rﬁﬂ ps abkyibthoxyethyl

eéﬁd%m ¥thdRy@ingP¥YRIY | THE AY@rocarbyl grou h§ referabl an alkyl
grOlLi)‘?/dr ocar byl gr ou:g gnd d;ubst [ tgt ed hyydrgocaé-bylp gro y Y

gro@s neidethebstibstituted Kydrscarpyl fretig i preferalbi A€ arkox alﬂymrbup

havi ng 1 to 4 carbons or a substituted hydrocarhby
gr otihehhydrogaibyl grdups andeubstituted aiydrmrbylpgreﬁpr@érlqte@ by X'
net hyl group or an ethyl group. At | east one

to X avélpreferabiynd hegirotarbyt group hayingsl 4o dr canpons or a substituted
represented by Formula (11) or a hydroxy group. It is

hydpecarbylagrpupthaxingad t0 dagarbens, aid X mere pagigraldy aamethyl group

group represented by Formula (I1) or a hydroxy group,
or aaRthyk grodPnore preferable that two of X1, X2, and X3

ar o, €68t Bne XY S X b i (DUnia aiup Foprebented by
Fortrfin S0V eﬁx@%&?&rﬁeym uéeé p{?ﬁ?&a%?eimaaé?&iﬁaéﬁﬂw O nd X°

(I'11), which is described Iater. Fromthe vi ewpoi nt of
fuel econony and processabi Lhty, it is preferably a

bi s(di al kyl am no) al kyl vi nyl sr'l ane- based consti tuent
unit, nore preferably a

bi s(di al kyl am no) met hyl vi nyl si | ane- based constituent
unit, and yet nore preferably a

bi s(di met hyl am no) net hyl vi nyl si | ane-based constituent



The conjugated di ene pol yner of the present invention

has a constituent unit represented by Fornmula (1)

bet ween a conjugat ed di ene-based constituent unit and

a conj ugat ed di ene-based constituent unit, and from

the vi ewpoi nt of processability the content of the
are COrbup Uepressnited rgpFesmaiedilpyr Forhydrexy( broup) ame it is more

conj ugat ed di ene polyner is | unit or 2 units per
prefecdhyleehatctoa of X', X2, and'm%ate)ajgngap eepresentedpoy froemular (1) or a

the present invention may conprise, in addition to the
hydoaxy grgaped di ene- based constituent unit (conjugated

di ene unit) and the constituent unit represented by

For rﬁnamp(leg ofath@oﬂ@mstttw@ﬁt Umhirﬁp@@@@tfdoEYalﬁ@'tmféﬁ (Iymclude a

nononer . npl es of said other nong cl ud
SIllcgpowpp@uw-,bﬁped apqnsﬁ%qqqttqnlq geprg%p gﬁ i—" % Zﬁl) which is
cesSRE RT3 ot Bl b . 1

i_nyl naph at d|V|n|IbenF g tri in(#{%? enehnd
prefirdiy hai HA NN kPR ETRR oG SRR ) more
orefghghiSs, B %‘?ﬂ'a"ﬁé@?etﬂﬂﬁlf@ﬁg%?%f?ﬁacrﬁ%t“{féf?’*t 4oL B v
mo%ngyéfé‘}% e){ﬂ'éebf%mm@?ﬁ 8frind) ﬁkﬁhﬁﬂ@ﬂ%ﬁé 'ba@@& gﬁ{@rﬁ-unit, a

an arona IC viny er ab

titddr COOhH! at%pl bis(di-n-
bIS@' enygggléh@megriﬁﬁviﬁ? %ggg?gggﬁ? i nS%%sfll on pref er'gbl y is(di-n

proflERTinGAfetBvyRTBhE basedy | - dusttiep@nsturityentorunia  bis(di-n-
(aromatic vinyl unit) fromthe viewoint of strength,
butﬂaﬁhnﬁch)me?thylt/mwtsnaﬁe%edr oométitaent myit. unAmongeltlagrny erom the
to 100 % by wei ght of the total anount of the
viewpointigat exf di emadyni t awailabiiity ar onaft i ¢ thenyl w@oimpouns, a
preferably not [ess than 10 % by wei ght (the content
bns(dfethyiennmbm&jhylsm\ytallene-hased bednsjituent noné tanpth g0 Ris(di-n-
by wei g ?ﬂ and nore preferably not _|ess than 15 % by
butWerrgm)rrqet wvisylsilane- wed@néawPubun@ar@p@ferah@t be| ng
not nore than 85 % by vvel L@Furtherrmre from

vi ev-\}la'tﬂ ﬁ?nlégaﬁge‘lj'f%d?%w ecBFﬁsfﬁ‘f inyentiqg '%ﬁsoﬁéiqnét'tuent
e ) 58 i e
oG58 4 R NP BB S S Y 18 wpont o
pro&%%a#ﬂffy Bk dbRlkht g? 'tﬁ[% ?ﬁr‘\ﬁﬂué}ﬂtum?n@%rgﬁﬂeé D %c?r}‘r%a (1) in the

e VI ewpol nt ren

8& dYér%C[?ﬁlgHér i Liftor® uhifeo &%ﬁlgﬁh@ %Ha | ene

pr esent inventio rerera Iy not

' eSST He'8On;j hgateﬂqéleﬁ@r;ﬁ)l%éf f &Y Yrexent livdmtioRaRay Gomprise, in

Furt her rmre fromthe viewpoint of processability, it

addiforP k¢ fthé addnjudiiéd rese-based Whstituemnt mite(qonfdgated|diene unit)
not nore than 150. The Mboney viscosity (I\/LlH- 4) is

andT&is gomstitaéntLOICrépreseniaddoy ¢ermutzh (1J,| & dsb3tdieql @8it)based on
From the viewpoint of fuel econony, the vinyl bond

anatbet mononfert hExampjlesyef said ditkerempobmeiinaide he groewéistvinyl, a
invention, with the content of the conjugated diene .

vinylnittileagnd Gan wosaturated carboxyigtagid re@ternmb‘gammﬁs 9 thelaromatic
% and nore preferably not nore than 70 nol

vindyr in@eder estyrensm t kemethydgiyiane. of v'@mt@usneper\flnﬂaaphiha'ene
i s preferab

divigylbeazaney iy esgSRar s &Mm"@%aw@eé'%?e plfé?'ap!ﬁﬁ yof the
h 2 % o]
iRk B BeRiBle, e e SR e BL g i

obtai ned by IR spectroscopy fromthe absor ption
intensity at around 910 cm 1, whi ch is an absorption

peak of a vinyl group. The vinyl bond content
referred to here neans the ethylenically unsaturated
bond content. From t he vi ewpoi nt of the

bal ance between fuel econonmy and processability, the
mol ecul ar wei ght distribution of the conjugated diene



(Step B): a step of adding a silicon conmpound
represented by Fornmula (I111) below to a hydrocarbon
solution of a conjugated di ene polynmer having at a

pol ymer chain termnal an alkali nmetal originating
froman alkali netal catalyst and reacting the silicon

estaromoiudel methlyl taeeylate, yethyl ceaylatet emethivdl methacsylgieyi agd ethyl

a conj ugat ed di ene polyner having at a polyner chain
methacrylatal Anwinguthienn,ean aravhatihviayl sl freférablet and styrene is more

originating froman al kali netal catalyst is bonded to
preferald@sti t uent unit based on the silicon conpound

r epr‘l’?\%e ncto%?ug%){ec'i: ocriirgélea p(olly}nlm)ar’ ofH%r(l:e X;A)frese%’lt_l iﬁi\/eﬁt)i<c?n Xgreferably
comprises an aromatic vinyl-based constituent unit (aromatic vinyl unit) from the
viewpoint of strength, and the content of the aromatic viny! unit, relative to 100 %
by weight of the total amount of the conjugated diene unit and the aromatic vinyl
unit, is preferably not less than 10 % by weight (the content of the conjugated
diene unit being not more than 90 % by weight), and more preferably not less than
15 % by weight (the content of the conjugated diene unit being not more than 85
% by weight). Furthermore, from the viewpoint of fuel economy, the content of
the aromatic vinyl unit is preferably not more than 50 % by weight (the content of
the conjugated diene unit being not less than 50 % by weight), and more
preferably not more than 45 % by weight (the content of the conjugated diene unit
being not less than 55 % by weight).

From the viewpoint of strength, the Mooney viscosity (ML4+4) of the
conjugated diene polymer of the present invention is preferably not less than 10,
and more preferably not less than 20. Furthermore, from the viewpoint of
processability, it is preferably not more than 200, and more preferably not more
than 150. The Mooney viscosity (ML1+4) is measured at 100°C in accordance
with JIS K6300 (1994).

From the viewpoint of fuel economy, the vinyl bond content of the
conjugated diene polymer of the present invention, with the content of the
conjugated diene unit as 100 mol %, is preferably not more than 80 mol %, and
more preferably not more than 70 mol %. Furthermore, from the viewpoint of grip
properties, it is preferably not less than 10 mol %, more preferably not less than

15 mol %, yet more preferably not less than 20 mol %, and particularly preferably

not less than 40 mol %. The vinyl bond content may be obtained by IR
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(in the fornmula, X4, X5, and X6 independently denote a
group represented by Fornmula (11) below, a hydrocarbyl
group, or a substituted hydrocarbyl group, and at
| east one of X4, X5, and X6 is a group represented by
Formula (I1) below) RN \R2
spectroscopy from the absorption intensity at around 910 cm™, which is an
absorption peak of a vinyl group.

The vinyl bond content referred to here means the ethylenically
unsaturated bond content.

From the viewpoint of the balance between fuel economy and
processability, the molecular weight distribution of the conjugated diene polymer
of the present invention is preferably not less than 1 but not more than 5, and
more preferably not less than 1 but not more than 2. The molecular weight
distribution is obtained by measuring number-average molecular weight (Mn) and
weight-average molecular weight (Mw) by a gel permeation chromatograph (GPC)
method, and dividing Mw by Mn.

As a process for producing the conjugated diene polymer of the present
invention, a production process comprising (step A), (step B), and (step C) below
can be cited.

(Step A): a step of polymerizing a monomer comprising a conjugated diene in a
hydrocarbon solvent by an alkali metal catalyst, thus giving a conjugated diene
polymer having at a polymer chain terminal an alkali metal originating from the
catalyst,

(Step B): a step of adding a silicon compound represented by Formula (lll) below
to a hydrocarbon solution of a conjugated diene polymer having at a polymer
chain terminal an alkali metal originating from an alkali metal catalyst and reacting
the silicon compound with the polymer chain terminal, thus giving a conjugated
diene polymer having at a polymer chain terminal a structure in which an alkali

metal originating from an alkali metal catalyst is bonded to a constituent unit

based on the silicon compound represented by Formula (1l1),

13



(in the fornmula, RL and R2 independently denote a

hydr ocar byl group having 1 to 6 carbons, a substituted
hydr ocar byl group having 1 to 6 carbons, a silyl

group, or a substituted silyl group, and Rl and R2 nay
be_banded as to form together with the N atom a
riﬁb@%mme) (Step ©: a step of adding a nononer
conpri sing Ja conjugated diene to the hydrocarbon

sol uti on off a conjugated di ene polynmer having at a
pol yyp@r _chgin tereinal a structure in WA §if)an al kal
nmet ori ghnhat froman al kali netal catalyst is
bonded to constituent unit based on Fornula (1),

t hus pol yn&€si zi ng the nononer at the pol yner chain
term nal . Exanpl es of the alkali netal catalyst
used in (step A include an alkali netal, an

in SEEFRAY. LS R o5 B rosrted by
Forftly 1) Bofl, EhyarBEABY ofalfi e sbstilifedthyiBobaBil Btoup, and
at |€48% ing‘of 5%“3;%9,: meﬁ id 4 ﬁ _rcSU < gé);??%elt:‘rﬂ%sg %Wcﬂfhlﬁé’ Y‘IP)%H]QW)

i nclude eth I um pro
i sopropyllithium n-butyllithium sec-butyllithium
t-octyllithium n-decyllithium
phenyl | i Rhi unn, 2- napht hyl i t hi um 2- but yl phenyl I'i t hi um
4- phenyf butyl i t hi um 14
4L¥chhexyIIithiun14-cyc|openty|IittﬂtQE]ﬁ met hyl am nopr
opyl | ixhi um di et hyl am nopropyl lithiu
t - but yl tpfAet hyl si |yl oxypropyl i thi um
Nmor phol 1 nopropyl I'i thium |ithi um hexanet hyl enei m de,
l'ithiumpyrrolidide, |ithiumpiperidide, |ithium
_ haat : L L _
(i b P L e oo R AE R S BIE B haing 1 10 6
cartrid) @nstibstiited PHAscartyN drelp hBding"Eto BX6arBbRs 2PSilv Bfoup, or a
conpl ex between"an al kalm netal and a pol ar conpodund
subéﬁtcltedisil)ﬁgmimwdim bat Rfwdy e b erdsp beto a@rdnmﬁether with
pot assi undi et honf et hane conpl ex, and exanpl es of the
the bl atgonex ribgustractues) al kal i metal i nclude the sodium
salt of a-nethylstyrene tetramer. Anong them an
(Stepr §an@l stepi omaddinganthanomer cemarisingda uwennjugatedndiene to the
preferabl e, and an organolithium conpound or _
hydecgabers selutioncehs ceanugated rdjere tpolyroet havibgsat @ palymer chain
pr ef er abl e. . . The hydrocarbon sol vent used in )
termigaeg alructyire, i owhicht annalkalJestahqridieating Jrone amelkali metal

oo, S R, 5 KR g

e B 8 Y SPRERE R BRI, o 5 1,
\SEEE S ETARRP i BN e A, PR 0 v

et AT R Rof ST Samfo 1o Sonpl So et plBRTher o

poldrAdmissund$ HrNgn olﬁggm%f h&biﬁg%ﬁ%n@ﬂ&aﬁpf@é&hﬁles of the alkali

exanpl es of the alTcyclic hydrocarbon 1 nclude
metﬁvmmﬂiﬁﬂ@rné%dﬁvﬁ{rgb@s%m@n, RdiufRYamE 8RN ONExamples of

their own or in a conbination of two or nore types.
the Aomyamoialiati metay deorapoad maludey ethylithidme andpeopyliithium, iso-

pr ef er abl e. In (step A, a nonomer conprising a
propydiithiugat e d-blitglithiim, poseoriputytithdume t hoctyltithiuiace radecyllithium,

conj ugated di ene polynmer having at a polyner term na
pheapllithiwal i Awephthydlithiunat i ﬂgbww&ahwuwtmume- freptreinytadyllithium,

al kali metal catalyst. Exanpjes of the conjugated

di ene include 1, 3-butadi ene, isoprene, 1, 3-pentadiene,

2,3- dinethyl-1, 3-butadi ene, and 1, 3- hexadi ene, and

they may be used on their own or in a conbination of

two or nore types. Anmong them fromthe viewpoint of

ready availability, 1,3-butadiene and isoprene are



The polynerization in (step A) may be carried out in

the presence of an agent for regulating the vinyl bond

content of the conjugated diene unit, an agent for

regul ating the distribution in the conjugated diene

pol ynmer chain of the conjugated diene unit and a
cyclobegyllithitenf uni t 4fepddpentyliithimmpner otdievettiyiamirtdpeopyllithium,

conj ugat ed di ene (hereafter, generally called
diethylaguinepropytiithiur c.  Exarffiutgldonetbyishylaggpropyilitiiirade an -

et her conpound, a tertiary amne, and a ﬁhos phi ne
mor@bnbmmopywwnf ilighiesca hpxassetitylaneimisten dithisempoiretidide, lithium

i nclude cyclic ethers such as tetrahydrofuran,

PIPQFQI‘#%W@?'@Mr"éﬁpta@ﬁﬁ”ﬂe%'m*dﬁeaﬁ@m"al .@ﬁ%amﬁhﬂ%&n&% 1,4-
d|l|t|a|p5h e g,lsﬁélﬂ?\d/lé@e;qr}%{q g;{:ﬂergé Sgtg%/dlaet h ené(i ﬁggrﬁd potassium
napBlfRloRe.q; ExaipPlaseof R sommiet IRAnEthar el Graithgnare poler
confioffeh itk HelidPuaniBihirin Colfilef S 75, pytassium-
e et SISk S8 LA Bt RGP B mta
inclDt &t ﬂ?@té’tﬁ@ﬂq'éd‘lﬁ’ofpﬂ _hridtR\RstyRIHE Cetrd érne A%ﬁ’c?rf@ f!h%m an

exanpl es o osphi ne conpound 1 nc

orgérﬁélﬂﬁibh%"c@hfbﬁ@hunér ah' b@éhbb@@lgﬁpﬁbﬁﬁ)ou@xﬂdls preferable, and an

tri phenyl phosphi ne. They may be used on their own or
orgarolRhigaimebmplound &f olgamossdilBT EotnppaAd having 2 toT®@ carbons is

pol yneri zation tenperature in (step A is usually not
moiegeefdrable. 25C but not nore than 100C, preferably not

| ess than 35C but not nore than 90C, and yet nore

pr efléveablygiracarbdre selvemh russOiCirb (stepod\) riora sofventsibat does not

The polynerization tinme is usually not |less than 10
deagtivateetheb atkalionetal reatalysh anchexamples thereofninglude gy aliphatic

to the silicon conpound represented by Formula (I111)
hydeeaiben, agtarpmatic ydrosey, bogn @nsgarsal 'F}é‘?'tﬁ,lh&drppﬁﬂ)on Specific

o L S e Bl R0 Al M,

dr oca and at | eas

peni i, P astarth, 0eKT Ry ByPeDE rbﬁ%n?) S, PlGne
c:s-§'6dt8 ée]fs{: gEH%T@% ﬁe%&ﬁ? nf:-ﬁgx a‘(?\lrdr%‘ lh@)léér)lé%' 2§B%CIfIC examples
of t@% %“@ﬁs“é@?é”g?%%mﬁ@?%%%ﬁ toffRe B el ift Bpjthzene.

and%ﬁ%&ﬁ&e%agﬁ;gﬁgzef dgg%'rﬁl?%gg @g c?gl%éh (u‘lélh?je adEW:Iopentane and

preferre For mu

cycBh@SlEh@S 'Pﬁe)f htayiyél i96@ oBthe Woﬂﬁ@b@ﬁ\bmét%ﬁ dew?SQ)r more
of Forrmula (T11) include al kyl groups such as a net hyl
type. oUmong tieéy b hydesdarbem havipg@id 12 tathonsas prefeputnoy |
group, an n-butyl group, a sec-butyl group, and a
t er tin l{stepl A raommnofmert temprsing segampgatedodienbds polymerized to
substituted hydrocarbyl group include al koxyal kyl
thugyipsegices a conjuigadedtiene polymer hayingipf aapolyttessterreinay an alkali
group, a nnethoxyethyl group, and an et hoxyet hyl
melgt eriginating g earbgye- gmmpneg gikali arefsl 9aalvsé| kfzxkamples of
group, and the subst it ut ed drocar, bg/ %r OU‘P
the pp@rpjggatgd), ddgn% m@ %:hgne prengpel ,3- pentadlene 2,3-

IR T e 8 TS o
i oo B S B0 5. RGBS DU PP ofrscy

nmet hyl group or an ethyl group. Wth regard to
the silicon compound represqﬁted by Formula (I11), as
a conmpound in which one of to X6 is an acyclic

am no group represented by Fornmula (11) and two

t hereof are a hydrocarbyl group or a substituted

hydr ocar byl group there can be cited a

(di al kyl am no) di al kyl vi nyl silane, a




propyl am no) di net hyl vi nyl si | ane,

(et hyl i sopropyl am no) di net hyl vi nyl si | ane, (di -

propyl am no) di net hyl vi nyl si | ane,

(dii sopropyl am no) di et hyl vi nyl si |l ane, (n-butyl -

propyl am no) di net hyl vi nyl si | ane, (di - n-but yl am no) di net
avaltathiltyny)3sblitadizne and isoprene are preferable.

(di met hyl am no) di et hyl vi nyl si | ane, (et hyl net hyl am no) di

et hym (staplA)i balyeerization may be carried out using the conjugated diene

(di et hyl am no) di et hyl vi nyl si | ane, (et hyl - n-propyl am no)
on dSeleylﬁu‘ n9ly§]ergﬁ§on may be carried out using a combination of the

(et hyI [ sopropyl am no) di et hyl vi nyl si | ane, (di - n- propyl am
conqu@j &tieng Akl asothgie monomer. Examples’ of sald other” monomer

mcltg%lel S%’%ﬁ%{cﬁ\aﬂygo)@?\hﬁ Se(rlqé: gf\qj %Qlegggatur(ateg ca¥boxylic acid ester.
Spe{cﬂ‘ ot é{%?mng I et hél V' nyI S'y’ lﬁgl’ude styrene, o-methylistyrene,
vm;ﬁtg ] aﬁyh@%f}ﬁ%%b% OP%WVWA@@Z@HS, trivinylbenzene, and

dlv1§@{1ﬁéﬂ1th§%%ggly Je no?*dé?ﬁ@%ély\fw%b/ﬁyrﬁﬂﬁe include acrylonitrile, and
spe?ﬁb “XRhRYS BmHéol)r?é(?%r%‘?é@ &éﬂ%‘x?hé 888 ester include methyl acrylate,

dii sopropyl am no) di propyl vi nyl'si | ane,

eth;(l racbylbté “REYPRRAEI: PASP Bt MidthabAfdte. Among them, from
di -n- butyl am no) di pfopyl vi nyl si | ane

the (vibwmhwt)amam) aidilability i ary bedrhatievinyl is preferable, and styrene is
(di et hyl am no) di butyl vi nyl si | ane,

moregpriefdrablepr opyl ami no) di but ylI vi nyl si | ane,

(et hyl met hyl am no) di but yl vi nyl si | ane,

( et Ayle- pelgmepization mo)stepud)y mayrye safriseout in the presence of an
age(nscjlfor regular’gﬁ'/\lgqchmerll?r)myolllb%%tdycl:ovnltgr%/tl gfl tlhgnceonjugated diene unit, an agent
for regulating the distribution in the conjugated diene polymer chain of the
conjugated diene unit and a constituent unit based on a monomer other than the
conjugated diene (hereafter, generally called 'regulators'), etc. Examples of such
agents include an ether compound, a tertiary amine, and a phosphine compound.
Specific examples of the ether compound include cyclic ethers such as
tetrahydrofuran, tetrahydropyran, and 1,4-dioxane; aliphatic monoethers such as
diethyl ether and dibutyl ether; aliphatic diethers such as ethylene glycol dimethyl
ether, ethylene glycol diethyl ether, ethylene glycol dibutyl ether, diethylene glycol
diethyl ether, and diethylene glycol dibutyl ether; and aromatic ethers such as
diphenyl ether and anisole. Specific examples of the tertiary amine include
triethylamine, tripropylamine, tributylamine, N,N,N’,N-tetramethylethylenediamine,
N,N-diethylaniline, pyridine, and quinoline. Specific examples of the phosphine

compound include trimethylphosphine, triethylphosphine, and triphenylphosphine.

They may be used on their own or in a combination of two or more types.
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(di i sopropyl am no) di but yl vi nyl si | ane,
(n-butyl - n- propyl am no) di but yl vi nyl si | ane,
(di n-but yl am no) di but yl vi nyl si | ane,
fcli(trimethylsilypam no}dinmethylvinylsilane,
{cli(tbutyl di met hyl silyOam no}di nmet hyl vi nyl si | ane,
{di (Tthei pelymdrizatigp dempeiadurt imy(stém W) s lusoelly dof tess than 25°C
but yl di net hyl si | yl )am no}di et hyl vi nyl si | ane,

but (dit mearkythami 106) i peaferablyreohidssithgn S5°@rfayt mot more than 90°C,
(di met hyl am no) di met hoxyet hyl vi nyl si | ane,

and( yetrenoig prefargbly e!'tQiobe)%Breﬂ‘ﬁijﬂl 6Dn¥,|@ut| pa more than 80°C. The
(di net hyl am no) di et hoxyet hyl vi nyl si | an

polmegﬁp%mmﬁ@ gsl@l{myﬁﬁ (ﬁml@;tpg,bgt not more than 5 hours.

Iamn oxethIV|nIS|Ia

(d| |F§9~’flrﬁo @tsﬂ i pgnq]yngﬁﬁgﬂ@d by, formula (lil) used in

e A YR Tgboons
o B APR S e e
Iea%hﬁ‘fgﬁo@?ﬂy aﬁ]ﬁ% gfq? g Jgroup rclepr.eFented by Formula (11).

ik Ay e, ot o
R? aaﬁmhﬁﬂé h@ e pfdfesbd dgloups dieRBinpIds2 BF IForARilA (1Y, aNd Spreferred
grob§>§ éﬂé the saineyisakanphest oiyRYang RS dfaResniila (H), gireferasd groups,

nmet hyl vi nyl si | ane,

examplés ohFormular (tiydrahpredgmed gydupsyesciribad@bove for Formula (1).
bi s(et hyl i sopropyl am no) net hyl vi nyl si | ane,

bi s (EHamplps afythariyespearblily graupy enoteddyy X* to X® of Formula (lIl)
bi s(di i sopropyl am no) net hyl vi nyl si | ane, bi s(n-butyl -n-
inclyde @jkyhgroupsnauaias prigethyl aiedpbas ey SrOMR whmnﬁ@@y’rarﬂup, an
yl vi nyl si | ane

lsommgyb Qr&limyﬁ'anﬁ'ﬁél}%tgfwm iy 1S€CTRMAM | BFouPetaRA fe derioAly! ngroup.
Furﬁ? ife: FSATIRIGsaT b g, Bubstibied hydrosadybargie inclyde, Alkgpyalky

groups )s%tcnye{své nr%et?\'olxgrrﬁ%thyl group, an ethoxymethyl group, a methoxyethyl
group, and an ethoxyethyl group. The hydrocarbyl group is preferably an alkyl
group, and the substituted hydrocarbyl group is preferably an alkoxyalkyl group.

The hydrocarbyl group and substituted hydrocarbyl group denoted by X*
to X® are preferably a hydrocarbyl group having 1 to 4 carbons or a substituted
hydrocarbyl group having 1 to 4 carbons, and are more preferably a methyl group
or an ethyl group.

With regard to the silicon compound represented by Formula (lll), as a
compound in which one of X* to X® is an acyclic amino group represented by
Formula (Il) and two thereof are a hydrocarbyl group or a substituted hydrocarbyl
group there can be <cited a (dialkylamino)dialkylvinylsilane, a

{di(trialkylsilyl)Jamino}dialkylvinylsilane, and a
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bi s(et hyl i sopropyl am no) et hyl vi nyl si | ane, bi s(di - n-prop

yl am no) et hyl vi nyl si | ane,

bi s(dii sopropyl am no) et hyl vi nyl si | ane, bi s(n-butyl -n-pr

opyl am no) et hyl vi nyl si | ane,

bi s(di - n-but yl am no) et hyl vi nyl si | ane, bi s(di met hyl am no
(diaJkytampiniojdiaikogyalayleinylsilane.

bi s(et hyl met hyl am no) propyl vi nyl si | ane, bi s(di et tKl amn

0) p pleay| sitheneef include (dlmethylammo)dlme ylvinylsilane,

bi s( et hyl ropyl am no) propyl vi nyl si |l an
(ethyirg@téw mgggn@gwlgnylﬁggrpﬁ jﬁtbylﬁmlrg,cp)pgn@thylvmylsﬂane (ethyl-n-

proBylS(Ho) Biyﬁwﬁﬁfw @ﬁi"éb%wﬁrﬁﬁg JHmethvipyipilane, (di-n-
proﬁylg%ﬁ%? t};& S|Ian usogpoe;iy?amgﬂol)dlmek%Hyl};m Fllar?%,p(rngtg)utyl-n-
profahAT I hgm@ggégwe,y' viny! i1 qgen B RfGHRG) IR Ay Bitane,
(dinfi’%ﬁé%ﬁb{?@%@}dgﬁyﬁbxéw nyl si | apgDinsdthl RRIRSTREAIYIRBilane,
die@i‘%ﬁﬁ@ﬂ’ Qﬁgﬁ'@ﬁ no) but yI iefhA-pLpr8p§abhiné HistRyRIRsilane,

ane,

(etHgAu%&bpmﬁmﬁ@)dlétnywmymﬂwbvI nyl sdi-ansrobyRiniing)dfisthyRir¥isilane,

opyl'ar ni no) butyl vi nyl'si | ane,

diistpropylamimoitictyivinglshahy, _Biyshlo lamino)diethylvinylsilane, (di-
( blpg{g}l,(t rmt hﬁ*“é ?yOam ngj} netyﬁylrel ﬁ{u Si | a)ne yminy (

n-butylamlno)d|ethyIV|nyIS|Iane (dimethylamino)dipropylvinyisilane,
(ethylmethylamino)dipropylvinylsilane, (diethylamino)dipropylvinylsilane, (ethyl-n-
propylamino)dipropylvinylsilane, (ethylisopropylamino)dipropylvinylsilane, (di-n-

propylamino)dipropylvinylsilane, (diisopropylamino)dipropylvinylsilane, (n-butyl-n-

propylamino)dipropylvinyisilane, (di-n-butylamino)dipropylvinylsilane,
(dimethylamino)dibutylvinylsilane, (ethylmethylamino)dibutylvinylsilane,
(diethylamino)dibutylvinylsilane, (ethyl-n-propylamino)dibutylvinylsilane,
(ethylisopropylamino)dibutylvinylsilane, (di-n-propylamino)dibutylvinylsilane,

(diisopropylamino)dibutylvinylsilane, (n-butyl-n-propylamino)dibutylvinylsilane, (di-
n-butylamino)dibutylvinyisilane, {di(trimethylsilyl)amino}dimethylvinylsilane, {di(t-
butyldimethylsilyl)amino}dimethylvinylsilane,
{di(trimethylsilyl)amino}diethylvinylsilane, {di(t-
butyldimethylsilyl)amino}diethylvinylsilane,
(dimethylamino)dimethoxymethylvinylsilane,
(dimethylamino)dimethoxyethylvinylsilane,
(dimethylamino)diethoxymethylvinyisilane,
(dimethylamino)diethoxyethylvinylsilane,

(diethylamino)dimethoxymethylvinylsilane,
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bi s{di (t-butyl di nethyl silyl)am no}nethyl vi nyl sil ane,
bi s{di (trinnethyl sily0Oam no}ethyl vinyi sil ane, bi s{di (t-
but yl di net hyl si |yl )am no}et hyl vi nyl si | ane,
bi s(di met hyl am no) net hoxynet hyl vi nyl si | ane,
bi s(di met hyl am no) net hoxyet hyl vi nyl si | ane,
(diethyddmindimethoxyeth @vingbsiiane hydietmyamircgdiethdxysiethylvinylsilane,
nmet hyl am i no) et hoxyethylvi nylsi la n e,
anddégthlylatrinyd )dietnoyyethyiorylistams.| vi nyl si | ane, bis(d
i et hyl am no) nmet hoxyet hyl vi lsi lan e,
bi se“eﬁ & BYMPOLIA) iet M@@hﬁWﬁyDgl)ﬁytoslx afee aemycm Hmino groups
i et hyl ami no) et hoxyet hyl vi nyl si
rep%%éﬂwdw frORfutsh (I ad o$n©(4th19fﬁ®f(6'3ar3e W@MQFEWa@f‘H&D or a

oo a&yafqz%rs@)v. SR nd o " T LR
bis R RIS RIRRE) o1 s el RalkYs e %\8 0y Rlge and @
bis( Efbﬂiﬁﬂ&gﬁggﬁ%‘ﬁﬁ%’%?gﬁg@lI an(é ter{| (di propyl am no) vin

S! I am methylvinylsilane,
bis( Eﬂfg‘iﬁl H%drdflhtbzmdjf?ﬂ;ﬁ;\%;ﬁag% goggﬂf’;@n;éiﬁ a;hgi]?)%d;%lvmylsdane

I's a cyclic amno groupg

bls(bﬂfyl-ﬂs;ﬂﬁﬁ?lénhb{o}ﬁﬁ’étﬁyivﬁwy(éllbhe' ncl ude

bi $( nor phol i no) et hyl vi'nyl si | ane,
bls(btwll@@mby@mﬁﬁb)fﬁéﬂmyl\myrmlaﬁd mdl-n-pro?ylammo methylvinylsilane,

bi s(4, 5- di hydroi mi dazol yOret hyl vi nyl si | ane
bis(Hiisd{grepyantimy)neetryivinytsilere hyl vi nyl si | ane. bis(n-butyl-n-
propylamino)methylvinylsilane, bis(di-n-butylamino)methylvinylsilane,
bis(dimethylamino)ethylvinylsilane, bis(ethylmethylamino)ethylvinylsilane,
bis(diethylamino)ethylvinylsilane, bis(ethyl-n-propylamino)ethylvinylsilane,
bis(ethylisopropylamino)ethylvinylsilane, bis(di-n-propylamino)ethylvinylsilane,

bis(diisopropylamino)ethylvinylisilane,  bis(n-butyl-n-propylamino)ethylvinylsilane,
bis(di-n-butylamino)ethylvinylsilane, bis(dimethylamino)propylvinylsilane,
bis(ethylmethylamino)propylvinylsilane, bis(diethylamino)propylvinylsilane,
bis(ethyl-n-propylamino)propylvinylsilane,

bis(ethylisopropylamino)propylvinylsilane, bis(di-n-propylamino)propylvinylsilane,

bis(diisopropylamino)propylvinylsilane, bis(n-butyl-n-
propylamino)propylvinylsilane, bis(di-n-butylamino)propylvinylsilane,
bis(dimethylamino)butylvinylsilane, bis(ethylmethylamino)butylvinylsilane,
bis(diethylamino)butylvinylsilane, bis(ethyl-n-propylamino)butylvinylsilane,
bis(ethylisopropylamino)butylvinylsilane, bis(di-n-propylamino)butylvinylsilane,

bis(diisopropylamino)butylvinylsilane,  bis(n-butyl-n-propylamino)butylvinylsilane,

bis(di-n-butylamino)butylvinylsilane, bis{di(trimethylsilyl)amino}methylvinylsilane,
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At | east one of X4, X5, and X6 of Fornmula (I111) is a
group represented by Fornmula (11). It is preferable
that at least two of X4, X5, and X6 are a group
represented by Fornmula (I11), and it is nore preferable
that two of X4, X5, and X6 are a group represented by

bis{8ig-butyldifiethylsilyl)amino}fitethglvinytsilane,onpound repr esent ed
by Formula (I111) in which two of X4, X5, and X6 are a

bls{gt(tnmm:ethyhsﬂ}diammﬁetbylvhyisiaha (1l1) is preferably a bis{di(t-
silicon conmpound in which two of X4, X6, and X6 are

butydimethylsild)aminaletyylvimylsilanem t he vi ewpoi nt of f uel
econoirs%I ndpr ocessabi | i tyitisnorepreferabl ya

bis(ginetay Do knethoxamrihWiRYeaN ane, and yet nore

bis(ﬁ{rﬁ?@v@mﬁpgﬂwﬁ PRI T ey St ane

bis @indé Gy RS R GRS EIHAEhEY o1 1 ane. awong t hem
ois QYR GRSV akE R et nyi vi nyl s11 ane. or
bis(fett foricethArREh RIRSiISNeY 2 (1 con Bonpound.

bis (8 ? ca%e@%ﬁﬁ?’hﬁ llldng, is usually carried out

qui c a state |ch 't he hydrocarbon sol ution
bls(d%tﬁ}léﬁfrﬁﬁethoxymethﬁ%ﬁ?l‘sﬂé}% vi ewpoi nt of fuel econony, and

t he amount of Silicon conpound represented by Fornmul a
bis(fiethylamitetyethioxyethgfvinyadilanenot | ess than 0.5 nol per

nol of alkali nmetal originating froman al kali netal

cat #lsyst compdundria whichettabé yomxt tbeXS arbamcy®lic amino groups

Furthernore, fromthe viewpoi nt of econony during
represedtect by Rermulai () thare emaatbeycitast a ti(dialkylamin)ginyisilaperetc.

step of (step B), and nore preferably not nore than

1. 2 Bxemples theeeddi | i coinaleipound triépimeatkyleminayyinylsilane,

Forrmula (I111) be dissolved in a solvent such
tr'(ei@ﬂmﬁﬂib@ﬁ@fﬂﬂ)‘éﬁy%ﬂa%xane that does noﬁr'(&@é@(ﬁm@\/m@"ane,
wicelpmexBiuRoritielae. . " Wifrepvtuipishne 'C  and

iAo R PR RIAens 5, Formuia (111); the Egﬂj ugat ed
g;g@.@wg{%ﬁa R RET gk BonBolNA" RERELREA LY Fefinia (1),

exa %Q'}o%@)%\ﬁén% i }’\ﬁl‘\lgﬁtat 184 JHY & % &f Rﬁ ?s%%g@f?& afﬂ?r‘ic? group

urthernmore, fromthe viéewpol nt

repr‘éfseﬁfébdu%y Vi E¥rmiile | S(IIPIr efn%ﬁﬁ@ y 6]§(frn6®ﬁ§l|ﬁ@)%btﬁyl%r@/}éllane

wei ght, and nore preferably not |ess than

bls(We@tho)methylwnyléﬂé‘né epri(d, 5L@|h?@l@lmtdarzblynwaﬁ?leﬁ\yfsﬂéne and
t he hydrocarbon sol ution when adding the silicon

bis(hexaetiyleramirnictioybinylsiamel a (111), fromthe
vi ewpoi nt of enhanC| ng fuel econony and snooth
pr oditdeastodne bé X' eXEt anch XSfoft Fernsilai(d bnsca)gmmdepresented by
is preferably not |ess than 30 rpm nore preferagbly

Formoda I(Bks It hfamreierawmthah@tyeaswce qir %t eXa balyd r?bt aregs group
than 70 rpm Furthernore, fromthe vi ewpoi nt

rep@@@ntﬁwbyﬁorml@(l@f angpit js mrernfeterahlsnthab@v@ pﬂf]x4aﬁ§, and X°

nore preferabl ? rP\ o(r | ess. The tenperature of
are a{IoHp deBiEEED VMU When the silicon conpound is
?gg eI ssilléjosnugcl)% oun regr%‘?ée% e%nbf’ 8rrRH (1 I%t mrrv?rrn%htt\t]v%nof X4, X,

and X®° are a group represented by Formula (I1) is preferably a silicon compound in
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It is preferable to stir the hydrocarbon sol ution

after the silicon conpound represented by Formul a

(I''l) is added. The stirring speed is usually not |ess

than 100 rpm the tenperature is usually not l|ess than

35C, and the tinme is usually not nore than 1 sec but
whicotworf X*t X&rardD Xfrianeaasacyclic amind ardu; émntthe aiewpoint of fuel

nononer conprising a conjugated diene is added to the
ecohgyocar bod sol processatfilityhe dbnj udst ed miorene ppraferably a

having at the polymer chain termnal the structure in
blS(ﬁAﬁ"@iﬁamm(ﬁﬁllkﬁlvanﬁélﬁaB, ori guamh ng fiflebm an BIOK&I i neprgferably

cataly is bonded to the Fornula (1)

bus(gtm@nhman@np)mmhwvmmmed hlﬁ(d(eéhye'arrmo s avinylsilane, bis(di-n-
proﬁﬁe R Mo e gﬂbés bﬁfh}@ﬂ?@\énr@nﬁ@ﬁvmmé\@e Among

ut adi,.ene, .i SO ent adi

thes, 5 @Mos A+ ICRAGIEET dife. ey 1 NaIEY, ofE Ry eRmpound.
ms(ﬁ@é“@?gﬁ@@“ﬂ%&@ Jlafe" . bR EEI e etnillisitine s

ability, 1,3-butadiene and isoprene are
pre%?e Ilgr abl e. In (step C, polynerization nmay be

car f|h€(§te?UB YR Hdith SOINUSIRdSH coPBENARepicsecAd BY Formula

pol yner | on may be carried out using a conbination
(m)q§ dRIIg ViR bad qdickiieina ttaloinh@hichotheniydroEx@aRl sslution is
sai d” ot her monomer ‘i ncl ude an aromatic vinyl, a
stm\gdnyl nitrile, and an unsaturated carboxylic aci d
ester. Specific exanples of the aromatic vinyl include
st yrfeom thke nidvapdiat of doel, ecomyrhy oltheermeount of silicon compound
vi nyl napht hal ene, divi nyl benzene, trivinyl benzene, and
repeisentsd by ftarhalia0d) agdediis |pcefe)@hholn@§ lests thiag 0.5 mol per mol of
vinylnitrile include acrylonitrile, and specif
alkaikme(@alecylgwattngefrgms@n a leraet%pgtﬁtxﬂh @n@@wed@@&rrably not less
i nclude neth acryl ate, eth ate,

thanlfftoly hegmararyn thecs pcg)ﬁgtyaﬁecsmmgtﬂ@ﬂ\ prgguction, it
s p? @?@&M'ﬂq&e then"hR aroioperated 22Flsk B Eanh mbrs Erofarably not

usually not |ess than 35C but not nore
mof%@}? ﬂ% S‘Iand preferably not Iess t han 50C but not

| esg”{%gmcc?rggomy%t% qjgé ;Fo'ti’@gﬁa Qﬁhﬁﬁéﬁ%éﬂié&%ﬁved in a

sol\g%g ?ﬁwggcgeﬁ%hgd@g@&aﬂgﬂ urgoégeﬁmt GeheR R the alkali

step C prowde ity of tines as

meldP atalyst! &%d 888EEAS %olhf’&h Fd’ﬂ‘fét thyd#88drbBRi dolution.

represent ed by Fornul unit or 2 units per
pol yrfem &h&i Viewpoint of émobﬂﬁ‘ m@@fé@gtopm@rr@am @f theesilicon
present invention, a coupling agent may be added to
com;bmﬁd/dremaémws%yﬂ Formoia t(hie), coing ugahedatbécendiene polymer
pol ymer as necessary frominitiation of polynerization
congentrationein  hydracaidoalsolutishabefore addding tthet siliodmatdropound is
of polynmerization. Exanples of the coupling agent
preferablydrotamotermma0 e fryeweighédansy nrse rﬁreter@bw) nqiemew than 20
. aI\/L4af:V¥ZI (I'n the formul a, R3 denotes_ an |
% Ry wigightan Furtkermerey fom th%th%Vm%%ﬂ KeRrpAuglivdtyp | ? lgrpr@fﬁraby not

Iesgmﬁr%a‘tél/c @%Eygélggtegnaﬂdﬁg%e 8 yld%xcl)t em%&(ﬂ{ysﬁwlght
P bR RRETF ol s R A aoppigp acin
ine, BHEERE BoPufEh SEBpte yy’g%zp@z&maquhésv-ewpomt o

hydr ocar byl oxy group denotes a nonoval ent group in
whi ch a hydrocarbyl group is4bonded to oxy (-0-).

R3 is preferably an al kyl group, al kenyl group,
cycl oal kenyl group, or aromatic group having not nore
than 20 carbons, nore preferably an al kyl group,

al kenyl group, or cycl oal kenyl group having 1 to 6
carbons or an aromatic group having 6 to 10 carbons,



carbons, and yet nore preferably a chlorine atom a
nmet hoxy group, or an ethoxy group. When there
are a plurality of R3s and Ls, the plurality of R3s
and the plurality of Ls each may be identical to or
different fromeach other, and are not particularly
enhbnaingetlel economy Eraihshemntiof progeessoopl thegreegptioh of the silicon
represented by Fornula (1V) include silicon
compstunac itlis pirefierabiy tnioy lessi thanh ki amere preferably not less than 50
di met hyl di chl orosi | ane, trinnethylchlorosilane, tin
rpmy, eandhdfet dnPkee preferally tnatclessr@nn 70 rpm.  Furthermore, from the
dinethyldichlorotin, trjinnethylch]oraotin,
ViewRQIPEAERIRATRY. i Prefasa iy Inot P%l%’?ﬁ%%@/ébpdﬁ@; and more preferably

200dnml rreblgjé qqg@eh}gn%bclar%%fengftt%l ﬁyrdrgégr%)c()xsslollt?tpoeﬁ \?v I?a Ithre'silicon

confuginel 8 B¥ideas e BetIERS LA C BBt Mot ien' o2t
di etlpggéggﬁ‘?%p%l tg'fétf?ﬁge hydracar %rgggm%;?eaﬁér;%%!ﬁ'&wgd‘ompound

proce nj uga rene p

f j ; ad g
rop 2BHI¥ B FoRHRlS (M) Bftlen™ TR, <thriny SESAR. Mokl ndtiess than
100f ipAANtAS téfhgére\tuf@fsqlsu@ﬁf AbY flss tRAAN 38BC Cail eleetidal iy uBAAIly not
| ess than 0.05 nol. Furthernore, fromthe vi ewpoi nt of
moreUBlanelc§swbt ndttmbe thaaf3d @iHutesiot nore than 0.4 nnol,
and nore preferably not nore than 0.3 nol. The
conjlngstepdCyj & maopomerzomprisinie ar esrjugated dienenis teelded to the
hydr ocar bon sol uti on of the conjugated di ene pol yner
hydbycaabéam solutioaaftiee gonjghtet! diend patyménhavng@pthe polyimes chain
met hod in which a coagul ant is added to the _
terrhipdl dvasroistuse| int wbichoan talkalt orgtal arigimading nfsompoay ralkali metal
or (2) a nmethod in which steamis added to the )
catalystris neged tedhetfamua (bhased fongtiveat 4nit sogdessthisy (step B),
The,  conj ugat ed di ene pol ymer thus recovered may be
thus POLYMENZIE0 ki PN Patstherpalmer shatn iAnialor Exmples of the

corfiel W il gyt R0 RHy ko 2 Smetny.
Byt Sl Sy NN g o
co%?aﬁcﬁg |%i %eglr WF%% dr Rh%?]'rgls teqf?%,ﬁ{roﬁm(h@ %{éé:?ée(fi |thﬁ 8f ready

_ at ment y be car ut i'n"a s
. > . in a
vl ROl bttt 11 0

conj|Hq8lepC iR ER2 TR maY beh@arAed TRA Usinyvdet dshjuda¥d diene
be used in a conjugated di ene polymer conposition by

on Etﬁgir@sgw ?ﬁ P@[Wﬁé‘t@iatibﬂ' HERT be osartiedndut asingddi Eombinatiba. of the
conjugated diene and another monomer. Examples of said other monomer
include an aromatic vinyl, a vinylnitrile, and an unsaturated carboxylic acid ester.
Specific examples of the aromatic vinyl linclude styrene, o-methylstyrene,
vinyltoluene, vinylnaphthalene, divinylbenzene, trivinylbenzene, and
divinylnaphthalene. Specific examples of the vinyinitrile include acrylonitrile, and

specific examples of the unsaturated carboxylic acid ester include methyl acrylate,

ethyl acrylate, methyl methacrylate, and ethyl methacrylate. Among them, an
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Exanpl es of said other polynmer conponent include
conventi onal styrene-butadi ene copol yner rubber,
pol ybut adi ene rubber, butadi ene-i soprene copol yner
rubber, and butyl rubber. Exanples further include
nat ural rubber, an ethyl ene-propyl ene copol yner, and
aromatievinyl &npreferables andtyreneris mbre peefeadhyieer conponents
may be used in a conmbination of two or nore types.
I n {The peolymenizatien dempbmatursoiny(step C)ripaisaally nst less than 35°C
conbined with the conjugated diene polyner of the
but motseare thaneh@dEh, and ereferably inolyessthask 501 |but awidngre than
t he _anount of conjugated di ene pol ynmer of the present
80°Chv diei RelYRGHBatIRY img isnusuadly tnett deSsathaint0 Hi"”ﬁé%lsyb%rno" more
C onents conbi ned (including the anount of
tha%%ﬂﬁﬁﬁ%ﬁed di ene pol ynmer conbi ned) as 100 parts by

wei is preferably not |ess than 10 rts, b
wei ghhen piediing ' roriugdib, fRte eluet (ERRD) Alc (stop,0) may
| . . , [ ; .
e B 2 phwielty S eS, ALK 45, R, ORR G bl Sfefent unit
Ul j ' ator such
repfi3Eled il PofBuBLY T it 4t SAM B3 ONREE.~ 2
t hi I ' ' [ iana i
L1 6 42 RESSILABH SERRASLE b PRARIEIcAiona couping agent may
be dRIBUItdehBaRpgroH s iseRitiopn ofcitiel 8bALBAteR diene polymer as
vul cani zation” activator such as stearic acid or zinc
necess&l; frem initietion of pelyweriation dfinhdresméeriby amsalkall hial catalyst
carbon bl ack, cal cium carbonate, talc, alumna, clay,
to rminatiom by dradyrndrzation. mi Examplesi bfirikee cenyplinggageeninclude a
an extender oil; a processing aid; an antioxidant; and
congpadunigk iepaesented by Formikaa (i) belowf. t he silica incl ude
dry % lica (anhydrous silicic acid), wet silica
(hydtaMbda$iM)i ci ¢ acid), colloidal silica,
E{ecipitat d silica, calciumsilicate, and al um num
(In the fopgtia, nojes an i srourmAnyalkeR @rewp; 2 sygqalkepyl! group,

two or nore types.thereof nmay. be ysed in g¢onbj natjon.
or amerpmpticfesidde, M Hegles & slicgh 1AM 054 iBaatom, L denotes a

usual not .|l ess than 50 but naot re _than 250 .
nal§gaiT aie 808 ATReAhPx aralit 2hdea fRAGeb A infeder B oo 2.

accqr dan | T 3 rci . .

o ot i aloteie SoTREE 9otk a SGRAIETRE) Uroup in which a
nyd3eH BEhdadin 2f deililing Rrmope B in Rt yEiScarbon
and e RS YoxY ofpup FRTIESRS onoVaRng BISURNIMEH 3 hydrocarbyl
groQP@B@hdé& @p&gxy @mj%gr aphite. Wth regard to the carbon

bl ack, channel” carbon bl ack such as EPC, MPC, or CC

f ur IRic & prefepabl! ae kalley) chroap, SMkenyl SABUp HAYyclobenyFigroup, or

SRF, GPF, APF, FF, CF, SCF, or ECF; thernal carbon
arohlaticlgreup ihaamgHiotanohl thaen2i0 gardorise meore grbfamalbly sarkalkgingroup,

be cited as exanples. One type thereof may be used or
alkerwd groupyoorecyojgpalkenylegreop haxindod tasedarbonsarrbamaroratic group

The nitrogen adsorption specific surface area (N2SA
haviiig BHie 180carbansl yaiknore prefenebly apalkybgrumbaviag Juto G earbons,

nore than 200 n2/g, and the di butyl phthal ate (DBP)
andamra%l@r'wr@fﬁr%@v@dﬁemyaskoqr%oru%@athﬁgmp-| ess than 5

but not t hap 300 ni/100g., The nit dsor pt i
cped BiRCEAP A Ralpgsn om aich it eareia; aralod g, ot more

ol SHLRUGRE s S RS B PRkl 1 0

product, trade names SEAST 6, SEAST 7HM and SEAST KH
manuf act ured by Tokai Carbo?3Cb., Ltd., trade nanes CK
3 and Speci al Bl ack 4A manufactured by Degussa, Inc.,
etc. may be used. Exanpl es of the sil ane
coupl i ng agent include vinyltrichlorosilane,

vi nyl tri et hoxysi |l ane,
vinyltris(6-nethoxyethoxy)sil ane,



chl oropropyl tri met hoxysi | ane, y- mer capt opr opyl t ri met hox
ysil ane, y-
am nopropyl triethoxysil ane, bi s(3-(triethoxysilyl)propy
| Ytetrasulfide,y- t ri nn et ho xys | yl p ropyld i
meth ylth ioca rb a nyl tetrasulfide, and
carhydng, methyet ysoiteypreferaplybe chiorinectyin, bemettaxyfgrdap, @nan ethoxy
type thereof may be used or two or nore types thereof
growgy be used in conbination. As a commercial product,
trade nanes Si 69 and Si 75 mapufactured by De%ussa 3
| nc When dhefeagrey@ phisality of Rs angxbspthes pbralitijeof R’s and the
extender oil include an aromati.c m neral oi
plurelifysefolss epch ey g identisalip qnuiterent from epchqthe and are not
tQﬁ&_O_QgO but not nore than 1.049), a naphthenic
partigylaiuiimied. (v G . val ue not Iess than 0.850 but not

Vel eifles o e, sAUBIAR (Rt rBIesaIa bk dmulasi() nclude
siIicéB: ; S?L%ﬁéﬁblgﬁggtr ggﬁt E@ﬁ@gfc\ﬁ&raﬁla’ntegﬁ de)é;aﬁr@gﬁ'{ylcﬂbﬁloﬁsilane,

trim%'fl@ﬁ@rﬂ@@s}fall] S Stirh NdtrakhiBride V‘%&Hgltric%oﬂﬁl Y Biséth§idichlorotin,
ar onat C e th

Ic cont’ent i s measured in atcordance’ w

trimBtHyiEROrotiRSt 1 tut Qétrg’ﬁteﬂ'%ggﬂ%ﬁﬁ?t hod 346ﬁ1%aﬁggcrimethoxysilane,
Furthernore, the aromatic conmpound content (CA) of the
dimemcﬁﬁdﬁﬁetﬁylsnaﬁe,pr ef ehadthyitriedhotydfiané han 2@thgiemethoxysilane,
wei ght. Two or nore types of extender oils may be used
dimethaxgdieitidsilare, diethsrydimeshydilanee vul cametrsdthoxysilane,
accel erator include thiazol e-based vul cani zati on
ethytricth@nsilans, anddietiroxydiethysifgnebenzot hi azol e,
di benzot hi azyl disulfide, and . _
N- c fabahieyiewppint o6 procesgability ehthei ecanjugated diene palyeeer, the
crosslinking pronoters such as tetranethylthiurann
amewHafequpiiegaxapnt addeseishgneferablyanetdess thar €.03 mol per mol of
sul f enam de- based crosslinkin? gr nntg&; such a

alkali pptal ariginating samzan alkali dnetalc more pre?erably not less
gl EABR3FSL 6 58RI soonomy, i reeratly
not REdFPE F B anst RS brsRESHT L BRR it
YT I . .
3 nri, PERRER, HenGRAh R daf BESlRRRR RS IRHF e fydrocarbon

sol @6t g'Le?’ l}:/@ﬁggé@ddaiﬁﬁﬁ ﬁgm%lmgzrﬁ khB\%er‘éEoVﬁ meethod such as,

pref er ess t t not nore than 5 parts

for '%)’(aHﬁi'leQ,hp)rQ'rﬁébe% P wHh RAEbsg¥ntV @dHeaf tof tHEP @ drocarbon
conmponent,” and nore preferably hot |ess than 0.2 but

solutiin 6he dompigateddidrie Polymrir @ht(2) a method iNHict steam is added
conj ugat ed di ene pol yner conposition is fornmed by

to thentydroogrbanf sdlltlon wftthet dunjugated gdiere pblgmer.polhyerepnjugated
of the present invention, the anmount of filler

dien® polymeer; thusl Edoverad midy0Obpadries by avkingivh difyert Iseich as a band
conj ugat ed di ene polyner of the present invention

dryeomamextrusiongsyerl | y not | ess than 10 but not nore
than 150 parts by weight. From the viewpoint of fuel
ecofwﬂherw,alnﬁﬁﬁtpr@@ﬁﬁ frsdPreduping e Fapiugatast dieaggpolymer of

than 20 parts by wejght, and pore preferably n | ess
thetmsﬁe@dng%mt@, tfﬁ@i@?ﬂ*.'"ﬁ?’*&iﬁﬁ?ﬁw@' pe\KEBrieﬁ'?}/‘EﬁJ) by Fohula (1),

rei nf orcenent bej ephanced, it .is, preferably not .
of abplyrieafs Enpced PY 4 VAiNy droun kY OIS r b By hig(carried

noge. t r Wei t. . f . .
outy o fisc BB fidY b Hhuba Atina eiets, in WA U Ropmerdp on it

is conbined with the conjugated diene pol yner of the

present invention is used, bhyomthe viewoint of fue

econony, it is preferable to use silica as a filler.

The anobunt of silica conbined is preferably not |ess

than 50 parts by weight but not nore than 100 parts by

wei ght relative to 100 parts by wei ght of the total
anopunt of fillers conbined, and nore preferably not

R A P~ P~



The conjugated di ene pol yner and the conjugated diene

pol ymer conposition of the present invention have

excel |l ent fuel econony and processability, and good

grip properties. The conj ugated di ene pol yner

and the conjugated di ene pol yner conposition of the
owrpoeisdnta compaositiomalatateyasdesornibed ladar, shoe sol es,

flooring materials, vibration-proofing naterials,

et c.Theagenjugategadiene polmer eflihegpiepentsisyention mayeke used in a

Exanpl es The present invention is_ explained bel ow by
conjugated diene RolEefEPEYOSHN \ePMBindik pRPiEET Relyner component,

an %?E\‘é%?q‘?% kol * ™" "o ooney vi scosi iy of a
ko309 T Sa GfFRy PobRT PPN RdoagR oy ventonal styrene-
outddEnt b Pt ABhef e BERS clen BREHR RS oReptTbppolymer

oo 8 o eI SG0E B A an o

t nt S } ne
propfns L ¥SEOFRALIARE & SnpRHHRIoNASRIHELhidsgmoolymer

con%qd@?it@ﬁ'idy%e USedH a Cohibihdtisn 6Mwo\Y MBle types.

i ght -average nol ecul ar wei ght (My) and

nunherthev easg everee anbtier Vysolginer (ddmpaovesrt iseesmbied with the
under conditions (1) to (8) below by a gel perneation

confuyated tdignejolyreeCof the hodseah dhvientionp freoulthe viewpaoint of fuel
distribution (Mv M) of a polyner was determ ned.

economy, the amount of conjugated diene polymer of the present invention

combined, with the total amount of polymer components combined (including the

amount of conjugated diene polymer combined) as 100 parts by weight, is

preferably not less than 10 parts by weight, and more preferably not less than 20

parts by weight.

As the additive, a known additive may be used, and examples thereof
include a vulcanizing agent such as sulfur; a vulcanization accelerator such as a
thiazole-based vulcanization accelerator, a thiuram-based vulcanization
accelerator, a sulfenamide-based vulcanization accelerator, or a guanidine-based
vulcanization accelerator; a vulcanization activator such as stearic acid or zinc
oxide; an organic peroxide; a filler such as silica, carbon black, calcium carbonate,
talc, alumina, clay, aluminum hydroxide, or mica; a silane coupling agent; an
extender oil; a processing aid; an antioxidant; and a lubricant.

Examples of the silica include dry silica (anhydrous silicic acid), wet silica
(hydrated silicic acid), colloidal silica, precipitated silica, calcium silicate, and

aluminum silicate. One type thereof may be used on its own, or two or more

types thereof may be used in combination. The BET specific surface area of the
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(1) Instrument: HLC 8020 manufactured by Tosoh

Corporation (2) Separation colum: GvH XL (2 col ums

in tandem) nmanufactured by Tosoh Corporation (3)

Measurenent tenperature: 40C (4) Carrier:

tetrahydrofuran (5) Flowrate: 0.6 nL/mn (6) Anmount
silicanp eusuatly rot iess tHan 52 bet not matefthen &80 m/g. The BET specific

refractometer (8) Molecular weight standard: standard

surfgﬁeyfgeg isemeasurat, i acoosdrge with ASTMH1993:83 1t aAgencommercial
é}éﬁnG (70C)) at 70C of a vulcanized sheet was neasured
prodidgtniradeiarpes MN3.ones &R, (mlﬁ%aﬁgrr@an%actyggﬂu%msoh Silica
Sei sakusho) under [ 0 strain of 1% a
COFPPE?&\?@ni"?d)Sf"%e .eOfFﬂégg?Sdsﬁ éf‘dtﬂﬁé'\@%m@“"? ‘ngb’é?hoc"a
t uel econony. 6. Gip properties The | oss
ectrﬂﬂﬁ ftUS&Cam | (0C)) at 0OC of a vul cani zed sheet was

e Rl A0, HARRELPRSTE e, AR R4 Hedpne biack,
the.{aqa%%rh?fadc ARAMEBRY RS Mobfe. TRy REERE NS AR back,

ter he grip 'prop ssa
channel carbon black such as EPC, MPC, or CC; furnace carbon black such as

SAF, ISAF, HAF, MAF, FEF, SRF, GPF, APF, FF, CF, SCF, or ECF; thermal
carbon black such as FT or MT; and acetylene carbon black can be cited as
examples. One type thereof may be used or two or more types thereof may be
used in combination.

The nitrogen adsorption specific surface area (N2SA) of the carbon black
is usually not less than 5 but not more than 200 m?%g, and the dibutyl phthalate
(DBP) absorption of carbon black is usually not less than 5 but not more than 300
mL/100g. The nitrogen adsorption specific surface area is measured in
accordance with ASTM D4820-93, and the DBP absorption is measured in
accordance with ASTM D2414-93. As a commercial product, trade names
SEAST 6, SEAST 7HM, and SEAST KH manufactured by Tokai Carbon Co., Ltd.,
trade names CK 3 and Special Black 4A manufactured by Degussa, Inc., etc. may
be used.

Examples of the silane coupling agent include vinyltrichlorosilane,
vinyltriethoxysilane, vinyltris(B-methoxyethoxy)silane, B-(3.,4-
epoxycyclohexyl)ethyltrimethoxysilane,  y-glycidoxypropyltrimethoxysilane,  y-
methacryloxypropyltrimethoxysilane, N-(B-aminoethyl)-y-
aminopropyltrimethoxysilane, N-(B-aminoethyl)-y-
aminopropylmethyldimethoxysilane, N-phenyi-y-aminopropyltrimethoxysilane, y-

chloropropyltrimethoxysilane, y-mercaptopropyltrimethoxysilane, Y-
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100 parts by weight of polyner, 78.4 parts by weight

of silica (trade nane: U trasil VN3-G manufactured by

Degussa, Inc.), 6.4 parts by weight of a silane

coupling agent (trade name: Si 69, manufactured by

Degussa, Inc.), 6.4 parts by weight of carbon, 47.6
aminepitopylisiethekgditanef an bis(B<trithoxysilyljgropdle nartetrasilfide, -

manuf act ured by Kyodo Sekiyu), 1.5 parts by wei ght of
trimethcmysiilybpmo@aldim(athy%tb'@caetmmylAnt i getetrasolfidennuf actamded Y-
) %/ Sum tono Chem cal Co., Ltd.), and 2 parts by weight
trimethaxysityd propaithienzakiazyk rﬁ@%ﬁuﬂfldﬁ/ reagdyrs theregbmay be used or

Plastom ||, and 2 parts by weight of zinc oxide and
two 105 pQiie; $YRSP \Tvbéﬁfgﬁ? ngay ebweét Inagembinationsy i ca ngommercial

orof SSA e et L Mo CH cal, LRUELE AL Sy be

The pol yner conposition thus obtained was nDIded into
*sheet using a two roll machine (roll gap 2.5

! he E2AEHES i dhe, aPRAS %F%@‘Z%%ﬁe%‘biﬁ%*%@aﬁ%ﬁ & cosity-
gra\g@t? ét?ﬁtef\?tiér K/Qh}g? }f’)}eé%‘ﬂwé\?ab%o @an&ym%‘?é th&®.049), a

processabl’| unevenness,

napﬁﬂ%rﬁ@ﬁﬁﬁer‘é{ﬁéll WVEIL@%&'IQ& Han"®B50 But nbhﬁ{bré%érﬂo 899),

Little unevenness, and there was a snoboth portion

andoé papaffihRSEindtanoil (9IG.C3:vahfdmot RRI¢EthaASE.7 90 WuttiiRMiore than
was a snmooth portion of not less than 5 cm 2: Mich

0.840)eV dihegssiycyelit ardveatic veAtent sfthel éxtpadén dihisqireferhblydess than
than 3 cm 1: Miuch unevenness, and no snooth portion
3 % byl delght,obsemexd pefargle ldss than 1 % By Sveighlapaldiet polycyclic
stai nl ess polynerization reactor was washed, dried,

arorniatis hesohtevitt is thepsuied oy ancordadce haithy &iritisht Imstatt&s af g’@roleum
hexane (specific gravity 0.68 g/cnB), 137 of

method- B46/2d: enkurthermpref tgeya@q@atlcl ognpgoqnd content (CA) of the
tetrahP/drofuran and 1.2 %Q( Ienﬁ col diet h¥

extenides ol ISuBele| @évht not 635 anARAD % beight.i « v Rrgere types of

in a hexane sol ution, and
eﬂ%‘ﬁﬁ@?& ?l“@ﬁ d‘PC?mWaStE’unt adi ene and styrene was
carr, ed ut for

S RmPEhe ol i " TubAiRoRh A H?fo "TheiPBh Miazbloased
B, ST o AP TR, frcoviey
disflfid&" t POl YRES %’I 5 r}/c@%@ﬁ%%ﬂz{ﬂﬁﬁk ifeh&fhi@eH | ohilafilbased

our’s, a solu ecul ar 'Si eves

cro dsﬁ@s(rr@“ 35?091‘0‘%&@' elshyhanhgo) dbihyAniufarhan®nonosulfide  and

of"'ved 1n 10 nL of cycl ohexane was qui ckly charged
tetramithyithRirafl Meffideatdutenafids-Based dedsshnRmgt patfotefs auch as
stirring speed of 130 rpm and a pol ynerization reactor
N-cyclbrexyi2-benzsthiaizolesulienédide, N-t-butybRissrothiazolesulfenamide,
copol yreri zati on of 1, 3-butadi ene and styrene was
N-oxymﬁyke@eeﬂbeﬁmthibz@ﬂbduﬂfenanhde cont i nuousl y supptoxiyethylene-2-
t he nmononers to the polynerization reactor. During
bengothjazaiesuifanamide hand th, Nr' -diigpryppy¥ecl-hepzatbmzofeaulfenamide; and
the polynerization reactor internal tenperature was
guagitine-based mlf:emzaw poRGARSBIUSI oBUGhd AeerdiRhenylguanidine,
out for 2.08 hours, of a hexane sol ution
diorghgiplyigranidioe 1anqhorén ﬁ@b\wld\nﬁs cHe qrmount dhergef used is

preﬁet?' %rrerl %%sl; %’? | ﬁaf bg{ hot' rr}%jorteqﬁﬁﬁoéﬁ@nﬁ%tbsyggw%tlg Telfiive to 100
o B A TGS A PRt o 02 v

supplied was 108 g. To the pol ymer sol ution
were added 1.8 g of 2-tert-j ?tyl-6-(3-fert-butyl- -
hydr oxy- 5- met hyl benzyl ) - 4- net hyl phenyl acrylate (trade
name: Sumlizer GV manufactured by Sum tono Chem ca
Co., Ltd.), and 0.9 g of pentaerythrityl

tetraki s(3-1aurylthiopropionate) (trade nane:

Sum l'izer TP-D, manufactured by Sum tono Chem cal Co.

use



100 parts by weight of the polyner thus obtained, 78.4
parts by weight of silica (trade nane: Utrasil VN3-G
manuf actured by Degussa, Inc.), 6.4 parts by wei ght of
a silane coupling agent (trade name: Si 69,
manuf act ured by Degussa, Inc.), 6.4 parts by weight of

not esorbdham Bauatts Hyrweighdr t s by wei ght of an extender oil
(trade nane: X-140, nmanufactured by Kyodo Sekiyu), 1.5
par V¥hely anesrjugated dieneapolyosérdzompdsiticniés feamed by combining a
Anti gene 3C, manufactured by Sum tono Chemi cal Co.

ﬁlleq‘_wﬂth) thezccpfauggtesyd iree g:mlymer of dhe me%]tdnvqntm tthe tgmount of

ht of zinc oxide, 1 part b ght of a
fl"ewwameziatrelaﬂvea&ép@ rpar@rbs( wp@évé Oﬁmcorseagam digge polymer of
f b Ch
the %#%ﬁ%‘g fonoiioss Baiscay ae? lgssen nD(tdtast iisetnan 150
pariS By oy RO R HeBRot UL SEERT b YRl combinea i

pref%ﬁ%agﬁoﬁ?é%%a{q gé?g b ﬁv&%ﬁg a&?ﬂt@% \?%\Efgqiflno less than 30
part%ubgu\ﬁ/e?@?ﬁe Fkﬁﬁdﬁ'n% Ql”éméﬂ?ﬁrﬂsop %ﬁf&rﬁ‘@ﬁ’\eﬁk %%lﬁg%':'p r{ha‘h%ed it is

pr epar € ¥a ‘pol ymer conposi ol yner conposit
pfe@#ﬁyq?éﬁ“é‘%ﬁhéﬁé‘a%ﬂ?%l o ﬁfzéﬁaﬁ*fﬁ%@ﬂ%bﬁ% “‘“""“”e than
100f pdrt<tby WeigHites, thus giving a vul cani zed sheet. The
results of eval uation of the physical properties of
t he Whegaai zenjughteel dierse gholgmer ncdrapositidn inxavhicle 2 filler is
A 5 L capacity stainless polynerization reactor was
comtzinbe dyithd the confugaddat dlievie potimyemof they enesentdingentiareds used,
with 2.55 kg of hexane (specific gravity 0.68 g/cnB),
frona 3he yiewpdinBobfitehdiconamys 3t ig pefesalyledaeisel sticaiasoa filler.  The
tetrahydrofuran, and 1.2 nL of ethylene glycol diet h¥
amexnieof, SImggq@mﬁd ig, pwf@“ab%nofoles%bwﬁq Paite By Weight but not

poured in as an n-hexane sol ut]i

morzseomnyg%q paaf ibyrveight Leéat'\tﬁﬁcaa@@ @@rtaﬂily \é/?m & thyg fotal amount
0. 67

o G813 s rdhy Pl 0 e fa bt o
in n@cp n%)sratur was 65C, and th_e m)_nomers wer e

mo ft&)‘ﬁln ; 'ﬁ to the polynmerization reactor.
Al 7.
roucks SRR B bEREAD RAIERGENENS dolihe! BomBotiton by

corﬁdﬁ gd fi’1ek?' ﬂgh%wgdrﬁebﬁ%”%hﬁhmtﬂél $ité. aW?ch %he cogjugated

exane was qui ckly ar ge

diehé pBIyinhér gﬁ'ébéﬁtt in9Bnf] &‘rlcé RhoWHQﬁéth@)@néijcM a81sfoplexample, a
stl rring spee 130 rpm and a pol yneri zation reactor

methddeih Withich @aBR campdhedt iPRieaded by meabisligenkeswwh ynixer such as
copol yneri zati on of 1, 3-butadi ene and styrene was

a ratlesrr Basburytmiker céh b8 dsedr s by continuously supplying
t he nononers to the polynerization reactor. During
pol Withi regardnto tkineadingr conditiopeedvivars argGdditive athier than a
the polynerization reactor internal tenperature was

vul@sizing agent Aft ar vilnanigatigmeacceierator isacomekinedaithe ekneading
out for 0.58 hours, a solution of 2.8 mmol of

tempsiraleine i ussiallyaot (| gsg than 2Qf C but not more than 200 C and preferably

notg'?sséghlg?{) ')girp"g{'aé l N n){é@%‘ A tii,ﬁfsolarng .nnnellcs), usually not
lesg Ao gt Pp&n‘?vi‘%ta‘*éaa iy D Hr«'a #P5f 1S4 fraih g min but
notirggggey%& {5@ &6 Foﬁ\r‘?@fnerl Fl@{lﬁﬁ?liglpéﬁ%jéanyr Wlé:anlzatlon accelerator

carried out for 1.25 hours by continuously supplying
the nononers to the pol yneriygation reactor. During
pol ymeri zation, the stirring speed was 130 rpm and
the pol ynerization reactor internal tenperature was
65C. After the polynerization had been carried
out for 1.25 hours, 10 nL of a hexane sol ution
containing 0.1 nL of nethanol was charged into the



To the polynmer solution were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl -
hydr oxy- 5- met hyl benzyl ) - 4- net hyl phenyl acrylate (trade
name: Sum lizer GM nanufactured by Sum tono Cheni cal
Co., Ltd.), and 0.9 g of pentaerythrityl
is domhbiakd s e | kneadinghitenperatoratse us¢aliyadmet maoe than 100°C, and
Sum |i zer TP-D, nmanufactured by Sumitono Chem cal Co.,
preferably. nStiblesesjuthan yrpotrhdeppleyatare shuitutnobnmesie than 80°C. A
evaporated at normal tenperature for 24 hours, and
contppsitian idr whithuradefuleanizingn agersor f ar vulganigalien adqederator is
ving a polymer. The results of evaluation of the
con%ung@ﬁ ugu@lygusgchby samyingeoyt a vulcanization) tr@@ﬁmgnbwch as press
wei ght of mer thus obtained, 7

vulgggizgiiong §]e| Y ga |g@%tqmg%ratq)pt|§é§u|aﬁwmﬁgss tha¥| 120°C but
notg%gfje{ gﬁtur 3 i'nad‘ Béef{pra(w H Iﬁgﬁéhg i{g@fayb\ﬂ\{s'n%;]tmgrfe than

180|:;§nuf actured by Degussa, Inc.), 6.4 parts by weight of
carbon bl ack, 47.6 parts by wei ght of an ext ender oil

é;:t %%%?&49@%&%| %w%qd fh& rad q?*igaymenel polymer
con‘%ﬁd'é?ﬁ'l‘eofgchhe Eéﬁtt Y 9Qnt§6hSSHéR'/é OBRcEHRAE fid| @%onomy and

2 parts by vvelg tearic acid, 2 part
pro&&s%‘intpfarm (j@od)éhe%roﬂerﬁéﬂ by wei ght of a
vul cani zati on accel erator (trade nane: Soxinol CZ,
nmanufire t sorfggdtd Sdidreorpolyeni ged e ,cdnjuladted 1diedet polymer
by wei ght of a vul cani zation accel erator (trade nane:
confisositiort  d, theaprésernt uneentipn Swei tse fahdines,abhd®. soles, flooring
Ltd.), 1.5 parts by weight of a wax (trade name:
matSnials vitMatiospudefitgu madietisls Cetehi arghark padioetartyasuitably used for
I ndustrial Co., Ltd.), and 1.4 parts by wei ght of
tiregul fur were kneaded by means of a Labo Plastonnill to
prepare a polyner conposition. The pol ymer conposition
t hus obtai ned was nol ded into a sheet using a 6 inch
roll, and the sheet was vul canized by heating at 160C
Exampleds i nutes, thus giving a vuI canl zed sheet. The

oo oS O%f@'%'ﬂggﬁ) G FiseBrPReLls FRdbles.
A5 |
msh%“a&%%?ﬂ%‘,yefﬁﬁﬁg‘@ g ehp At %‘f@y R g‘%ﬁiﬁéc}]ar ed
0. 68 nB
L Wiyt Qi ageene (specit e granty 0.60 g/crd)
t et refy fodhl @fbco oﬂaéom?rfwgé 'fh’éa%‘ﬂl (9'ai’¢9(|) Glirfhédrdance

et her. Subse uent nbut y I thi um was
W,trpgqlgggw@(@g;gzgn n- hexane sol ution, and
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t he nononers to the pol ynerization reactor. During

pol ymeri zation, the stirringgspeed was 130 rpm and
the polynerization reactor internal tenperature was
65C. After the polynerization had been carried
out for 2.05 hours, a solution of 2.8 mmol of

Mol ecul ar Si eves (3A)-dried

bi s(di et hyl am no) net hyl vi nyl si | ane di ssolved in 10 nnL




To the polynmer solution were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl -
hydr oxy- 5- met hyl benzy1) - 4- net hyl phenyl acrylate (trade
name: Sum lizer GM nanufactured by Sum tono Cheni cal
Co., Ltd.), and 0.9 g of pentaerythrityl

4. Malecular seiiht aistsibatoroMwiNonat e) (trade name:
Sum |i zer TP-D, manufactured by Sumitono Chem cal Co.,

Lt d WeigBtrayemgen triofeculare weight nfMw s @indt hombeaaverage molecular
.evaporated at normal tenperature for 24 hours, and _
weighir welre B@agHiask undgruaandiionss(t) fo(8)itmlownysa gehpgrmeatnon

giving a pQ The results of evaluation of th
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t of the | ymer thus obtained, 78.4 parts by
PO'X)@?RH?S&P@WP%@ (trade nane: UItrasiI VN3- G,

o CEE R PR o BBy v o
(2) SERYIARR &SR, SPRE2 Afnhe i AnBE Sl BN b9 Toson
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.), 2 parts by wei ght of stearic acid, 2 parts by

(4)®ﬁhﬁslﬂté?rfah§fdf6¥u@ﬁ de, 1 part by weight of a
vul cani zation accel erator (trade nane: Soxinol CZ,
(5) PnufzstQBadLpyinSum t ono Chemical Co., Ltd.), 1 part
by wei ght of a vul cani zation accel erator (trade nane:
(6) Amaumbinjéptedabylact ured by Sum tono Chem cal Co.,
Ltd.), 1.5 parts by weight of a wax (trade name:
(7) Betattaer: Niﬁerawnhiﬁlaeiractemdmgr Quchi Shi nko Cheni cal
I ndustrial Co., Ltd.), and 1.4 parts by wei ght of
(8) Molgawanweighksiaadard: @yenﬁmdﬁmtﬁengbo Plastonill to
repare a pol ynmer conposition. The polymer conposition
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6. Gtip Proplertdsyrene, 1.5 nL of tetrahydrofuran and 1.2 nL
of ethylene glycol diethyl ether. Subsequently, 3.6
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sol ution copol yneri zation of 1, 3- butadiene and
usirgf ya enviscoetastameterd (manufadctuibdd hyouw,shwual ®eisakusho) under
pol ynmeri zation, the stirring speed was 130 rpm the
conditiops®fia straiorofr@26%oand ra equdndyeaiptd &izur & heakargErGhis value,
and the nononers were supplied continuously to the
the pettonthe grip praperiiesst or. The anount of 1, 3- but adi ene
suppég@g;ll was 342 g, and the anmount of styrene supplied

7. Ripeeseadiligy After the polymerization had been

carried out for 5 hours, solution of 2.8 of
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tenperature of 65C, and stirred for 30 m nutes.
Subsequently, 20 nnL of a h gane sol uti on cont ai ni ng
0.14 nL of methanol was charged into the

pol yneri zati on reactor, and the pol ynmer solution was
stirred for 5 mnutes. To the pol ymer

sol ution were added 1.8 g of

2 tert- butyl 6 (3 tert- butyl



A 20 L capacity stainless polynerization reactor was
washed, dried, flushed with dry nitrogen, and charged
with 10.2 kg of hexane (specific gravity 0.68 g/cnB),
547 g of 1, 3-butadiene, 173 g of styrene, 6.1 nL of
tetrahydrofuran, and 5.0 nL of ethylene glycol diethyl

weighthef cafbdrs etjurgdris b 3weightiodlanoéxiendey Idili (trademame: X-140,
poured in as an n-hexane sol ution, and

manmufpoluyed: riyz Kyoda 8ekiyuB- 1.bupads drye waightsofy manantiegédant (trade
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After the polymerization had been carried out for 0.42 hours, a solution of
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To the polynmer solution were added 1.8 g of
2-tert-butyl-6-(3-tert-butyl -2-
hydr oxy- 5- met hyl benzyl ) - 4- net hyl phenyl acrylate (trade
name: Sum lizer GM nanufactured by Sum tono Cheni cal
Co., Ltd.), and 0.9 g of pentaerythrityl

2.8t etmakicf( dMoleculgt t BievesoBARpdtied bis(didthytemino)methylvinylsilane
Sum |i zer TP-D, nmanufactured by Sumitono Chem cal Co.,
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evaporated at nornmal tenperature for 24 hours, and
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polymaeritationueadtdryandtie polymecizelutioal wdHstirréd for)5 minutest
by wei ght of a vul cani zation accel erator (trade nane:
SoxiTinel aBoumhroff H8thutadiebe Suppliedndurihe rihe adntide. polymerization
Ltd.), 1.5 pads by weight of a wax (trade nane: Sunnoc
wasm%&wan@@wamwmyobatymnesauwnmdm@sm 08I9. 1 ndustri al
Ltd.), and 1.4 parts by weight of sulfur wer
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supplied continuously to the polynerization reactor.
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a sol ution of Mol ecul ar Si ev
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(rafap oA TBRPTaCugRd VSRV 0 SRIB) i Ppls 1 Wt of an
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t he nononers to the pol ynerization reactor. During

pol yneri zation, the stirringospeed was 130 rpm and
the pol ynerization tenperature was 65C. After
the pol ynerization had been carried out for 1.5 hours,
a solution of 11.0 mml of Ml ecular Sieves (3A)-dried
bi s(di met hyl am no) net hyl vi nyl si | ane di ssolved in 10 nL
of cycl ohexane was quickly charged into the



100 parts by weight of the polyner thus obtained, 78.4
parts by weight of silica (trade nane: Utrasil VN3-G
manuf actured by Degussa, Inc.), 6.4 parts by wei ght of
a silane coupling agent (trade name: Si 69,
manuf act ured by Degussa, Inc.), 6.4 parts by weight of
weight bba \llearkzatibh acgeletatobitradei gameoSoaimod X34 manufaickured by
(trade nane: X-140, nmanufactured by Kyodo Sekiyu), 1.5
Surmpitoms GhemidalHEo othdn Anpanbbydweightt o aaevuh@amzatlon accelerator
Antigene 3C, manufactured by Sum tono_ Chem cal
(trage dame: ZSCmelsD byangiagtired bysiunmitomodehemical Q@r,tlédaw 5 parts
wei ght of zinc oxide, 1 part by weight of a
by weighinph & M@x Hrads é\aé‘i‘%rSPFP%é“’nmﬁf‘Uf@M’%lbYC@UCh‘ Shinko

ChEIGHb MEStEA| GB ERE b AL Aoarts Bl MERGhRT 3t e dfsaded by
megies = Apo RHAGRT Q‘iiafé’ of b m%%@%%%ﬁ The polymer
con?rxcgsﬁtgqr} mqs”%féfr?q_c{ g@%@@‘&‘ﬁﬁé pg‘%és’g‘@s%mgrg ﬁ%cl? roll, and the
she%?g\fglg:veuﬁ\ga{rg% ﬁgﬂ‘égtl n%osn SC%LI_ eh@%g%@ﬁ% é t\Hchamzed
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e sheet was vul cani Zed by heating at

Shge@brgf?w@hnﬁq%;eq_hus gi ving a vul cani zed sheet. The
resul s of evaluation of the physical properties of

Exdmglevll cani zed sheet are given in Table 1. (Table 1)
Ex. 1 Ex. 2 Ex. 3 Conmp. Ex. 1 Conmp. Ex. 2 Ex. 4

A 5 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 2.55 kg of hexane (specific gravity
0.68 g/cm®), 137 g of 1,3-butadiene, 43 g of styrene, 1.5 mL of tetrahydrofuran,
and 1.2 mL of ethylene glycol diethyl ether. Subsequently, 3.6 mmol of n-
butyllithium was poured in as an n-hexane solution, and copolymerization of 1,3-
butadiene and styrene was carried out for 0.67 hours. During polymerization, the
stirring speed was 130 rpm, the polymerization reactor internal temperature was
65°C, and the monomers were supplied continuously to the polymerization
reactor.

After the polymerization had been carried out for 0.67 hours, a solution of
2.8 mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylsilane
dissolved in 10 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization
reactor internal temperature of 65°C.

Subsequently, copolymerization of 1,3-butadiene and styrene was carried
out for 0.58 hours by continuously supplying the monomers to the polymerization

reactor. During polymerization, the stirring speed was 130 rpm, and the
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polymerization reactor internal temperature was 65°C.

After the polymerization had been carried out for 0.58 hours, a solution of
2.8 mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylsilane
dissolved in 10 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization
reactor internal temperature of 65°C.

Subsequently, copolymerization of 1,3-butadiene and styrene was carried
out for 1.25 hours by continuously supplying the monomers to the polymerization
reactor. During polymerization, the stirring speed was 130 rpm, and the
polymerization reactor internal temperature was 65°C.

After the polymerization had been carried out for 1.25 hours, 10 mL of a
hexane solution containing 0.1 mL of methanol was charged into the
polymerization reactor, and the polymer solution was stirred for 5 minutes.

The amount of 1,3-butadiene supplied during the entire polymerization
was 205 g, and the amount of styrene supplied was 65 g.

To the polymer solution were added 1.8 g of 2-fert-butyl-6-(3-tert-butyl-2-
hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (trade name: Sumilizer GM,
manufactured by Sumitomo Chemical Co., Ltd.), and 0.9 g of pentaerythrityl
tetrakis(3-laurylthiopropionate) (trade name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.). Subsequently, the polymer solution was
evaporated at normal temperature for 24 hours, and further dried under vacuum at
55°C for 12 hours, thus giving a polymer. The results of evaluation of the
polymer are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (tfrade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 47.6 parts by weight of an extender oil
(trade name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
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antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanization accelerator (trade name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization accelerator
(trade name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts
by weight of a wax (trade name: Sunnoc N, manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by
means of a Labo Plastomill to prepare a polymer composition. The polymer
composition thus obtained was molded into a sheet using a 6 inch roll, and the
sheet was vulcanized by heating at 160°C for 45 minutes, thus giving a vulcanized
sheet. The results of evaluation of the physical properties of the vulcanized
sheet are given in Table 1.
Example 3

A 5 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 2.55 kg of hexane (specific gravity
0.68 g/cm®), 137 g of 1,3-butadiene, 43 g of styrene, 1.5 mL of tetrahydrofuran,
and 1.2 mL of ethylene glycol diethyl ether. Subsequently, 3.6 mmol of n-
butyllithium was poured in as an n-hexane solution, and copolymerizétion of 1,3-
butadiene and styrene was carried out for 0.45 hours. During polymerization, the
stirring speed was 130 rpm, the polymerization reactor internal temperature was
65°C, and the monomers were supplied continuously to the polymerization
reactor.

After the polymerization had been carried out for 0.45 hours, a solution of
2.8 mmol of Molecular Sieves (3A)-dried Dbis(diethylamino)methylvinylsilane
dissolved in 10 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization
reactor internal temperature of 65°C.

Subsequently, copolymerization of 1,3-butadiene and styrene was carried
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out for 2.05 hours by continuously supplying the monomers to the polymerization
reactor. During polymerization, the stirring speed was 130 rpm, and the
polymerization reactor internal temperature was 65°C.

After the polymerization had been carried out for 2.05 hours, a solution of
2.8 mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylsilane
dissolved in 10 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization
reactor internal temperature of 65°C, and stirred for 0.5 hours.

Subsequently, 10 mL of a hexane solution containing 0.1 mL of methanol
was charged into the polymerization reactor, and the polymer solution was stirred
for 5 minutes.

The amount of 1,3-butadiene supplied during the entire polymerization
was 205 g, and the amount of styrene supplied was 65 g.

To the polymer solution were added 1.8 g of 2-tert-butyl-6-(3-tert-butyl-2-
hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (trade name: Sumilizer GM,
manufactured by Sumitomo Chemical Co., Ltd.), and 0.9 g of pentaerythrityl
tetrakis(3-laurylthiopropionate) (trade name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.). Subsequently, the polymer solution was
evaporated at normal temperature for 24 hours, and further dried under vacuum at
55°C for 12 hours, thus giving a polymer. The results of evaluation of the
polymer are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (trade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 47.6 parts by weight of an extender oil
(trade name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,

Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
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weight of a vulcanization accelerator (trade name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization accelerator
(trade name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts
by weight of a wax (trade name: Sunnoc N, manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by
means of a Labo Plastomill to prepare a polymer composition. The polymer
composition thus obtained was molded into a sheet using a 6 inch roll, and the
sheet was vulcanized by heating at 160°C for 45 minutes, thus giving a vulcanized
sheet. The results of evaluation of the physical properties of the vulcanized
sheet are given in Table 1.

Comparative Example 1

A 5 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 2.55 kg of hexane (specific gravity
0.68 g/cm?®), 137 g of 1,3-butadiene, 43 g of styrene, 1.5 mL of tetrahydrofuran,
and 1.2 mL of ethylene glycol diethyl ether. Subsequently, 3.6 mmol of n-
butyllithium was poured in as an n-hexane solution, and copolymerization of 1,3-
butadiene and styrene was carried out for 2.5 hours. During polymerization, the
stirring speed was 130 rpm, the polymerization reactor internal temperature was
65°C, and the monomers were supplied continuously to the polymerization
reactor. The amount of 1,3-butadiene supplied was 342 g, and the amount of
styrene supplied was 108 g.

After the polymerization had been carried out for 2.5 hours, a solution of
2.8 mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylsilane
dissolved in 10 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization
reactor internal temperature of 65°C, and stirred for 30 minutes.

Subsequently, 20 mL of a hexane solution containing 0.14 mL of methanol

was charged into the polymerization reactor, and the polymer solution was stirred
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4 44423 dains 1. A conjugated diene polyner

conpri si ng: a conj ugat ed di ene-based
constituent unit and a constituent unit represented by
Formul a (1) bel ow the constituent unit

represented by Fornula (1) being present between a
for somputpst ed di ene- based constituent unit and a
conj ugat ed di ene-based constituent unit; and the

contTentheopolymer sohstiont weret added 1:& grefs-ieréduty-6rGtaut-butyl-2-
hydgf(;)Zy-g-%gt yl%)elglg;lt)-4-methylphenyl acrylate (trade name: Sumilizer GM,
manufactured by Sumitomo Chemical Co., Ltd.), and 0.9 g of pentaerythrityl
tetrakis(3-laurylthiopropionate) (trade name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.). Subsequently, the polymer solution was
evaporated at normal temperature for 24 hours, and further dried under vacuum at
55°C for 12 hours, thus giving a polymer. The results of evaluation of the
polymer are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (trade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 47.6 parts by weight of an extender oll
(trade name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanization accelerator (trade name: Soxinol CZ, manufactured by
Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization accelerator
(trade name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts
by weight of a wax (trade name: Sunnoc N, manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by
means of a Labo Plastomill to prepare a polymer composition. The polymer
composition thus obtained was molded into a sheet using a 6 inch roll, and the
sheet was vulcanized by heating at 160°C for 45 minutes, thus giving a vulcanized
sheet. The results of evaluation of the physical properties of the vulcanized
sheet are given in Table 1.

Comparative Example 2

A 20 L capacity stainless polymerization reactor was washed, dried,
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or 2 units per polynmer chain, CH2 -CH X3(1) x2 wherein

X1, X2, and X3 independently denote a group

represented by Fornula (11) bel ow, a hydroxy group, or

a hydrocarbyl group, and at |east one of X1, X2, and

X3 is a group represented by Fornula (11) below or a
flushgd rvaitty doy oitpogeR, o) cRangedr with 112 dagdoRkexane (specific gravity

i ndependent|y denote a hydrocarbyl group having 1 to 6
0.68& gfdrof)s 54619 af $j3-hutadiemep 173rgioRstysene, 21 maly afdetsatmysirafuran,

so as to form together with the N atom a ri
andsﬁmmmrcé eth)Z'enEhglm@ln}jl@éMle@FhGrenﬁubﬁﬁquﬁiﬂ’dYad%& dnpmg! of n-

aiml, wherein RL and R2 of Forrrulaé are
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butgHRIS ck ShEe e e P QUL iiro Bling, Golymegization, the
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65°C, and the monomers were supplied continuously to the polymerization
reactor.

After the polymerization had been carried out for 1 hour, a solution of 11.0
mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylsilane dissolved
in 13.3 mL of cyclohexane was quickly charged into the polymerization reactor
under conditions of a stirring speed of 130 rpm and a polymerization reactor
internal temperature of 65°C.

Subsequently, copolymerization of 1,3-butadiene and styrene was carried
out for 0.5 hours by continuously supplying the monomers to the polymerization
reactor. During polymerization, the stirring speed was 130 rpm, and the
polymerization temperature was 65°C.

After the polymerization had been carried out for 0.5 hours, a solution of
11.0 mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylisilane
dissolved in 13.3 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization
reactor internal temperature of 65°C.

Subsequently, copolymerization of 1,3-butadiene and styrene was carried
out for 0.5 hours by continuously supplying the monomers to the polymerization
reactor. During polymerization, the stirring speed was 130 rpm, and the
polymerization temperature was 65°C.

After the polymerization had been carried out for 0.5 hours, a solution of

11.0 mmol of Molecular Sieves (3A)-dried bis(diethylamino)methylvinylsilane
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4. The conjugated di ene pol yner according to any one

of Clains 1 to 3, wherein, with the content of the

conj ugat ed di ene-based constituent unit as 100 nol %

t he conjugated di ene polynmer has a vinyl bond content

of not less than 10 nol % but not nore than 80 nol %
dissolvethin t3.8] mpasfesyclbhexane sasquickiyashalged irto theypobymerization

of Clains 1 to 4, wherein it conprises, in addition to
readtbe wwley umpadédbndi ehe- blisied spewdt iof UG rpmi andml pabkgmerization

constituent unit represented by Formula (1), an
reactpoivdennal tamperabiead 656Gst i tuent unit. 6. The

conj ugat ed di ene polynmer according tqo Caimb5,
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- t‘fo the polymer solution were added 1.8 g of 2-fert-butyl-6-(3-fert-butyl-2-
hydroxy-5-methylbenzyl)-4-methylphenyl acrylate (trade name: Sumilizer GM,
manufactured by Sumitomo Chemical Co., Ltd.), and 0.9 g of pentaerythrityl
tetrakis(3-laurylthiopropionate) (trade name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.). Subsequently, the polymer solution was
evaporated at normal temperature for 24 hours, and further dried under vacuum at
55°C for 12 hours, thus giving a polymer. The results of evaluation of the
polymer are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (trade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 47.6 parts by weight of an extender oil
(trade name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,

Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by

weight of a vulcanization accelerator (trade name: Soxinol CZ, manufactured by
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10. A conjugated di ene polyner conposition forned by
conbi ni ng the conjugated di ene pol yner according to
any one of Claims 1 to 9 and a filler. 11. The
conj ugat ed di ene pol yner conposition according to
G aim 10, wherein the anmount of filler conmbined is
SumittmbeCkemicah Ad), tubd.)ndt parbby weayht 50a paildenizationeagdelerator
relative to 100 parts by wei ght of the anount of
(trade npoys tSaxindl éhenpolfactired bytSuteitomo Lhermical 60ndei@:),t 135 parts
di ene polyner c osition according to Claim10 or
by weighdi of ehwai (trge Oems:i 86_NeS N, ca\anUi@turﬁdeby Ouchl Shinko
conj ugat ed. di ene Pol ynmer conposition accordj ng

Chegnigh nppistrigh& Qi kid h@ndmbriarkss by weight Qfo%ﬂmwreémeafied by
meRH Ghia obD gf’qssqrm"b"éwmgarsfé?éq YOFF GRS the polymer
corrg%%lt&%g r&% rfj?'éje \Elesprﬁé)%ig rlﬁfpepeq}gqtt'u%ﬂma% Hr%hngolf and the
sneEURE DBt EABLGAR TRPEL (478 Al dh GBI bfcanieo
sheg?:i '&ﬁ% L{.Bgﬁﬂse%f deieatR ¥ihe GHIRRSH (Hr8PeAies 60 Y Viftanized
sheet are given in Table 1.
Example 4

A 20 L capacity stainless polymerization reactor was washed, dried,
flushed with dry nitrogen, and charged with 10.2 kg of hexane (specific gravity
0.68 g/cm®), 547 g of 1,3-butadiene, 173 g of styrene, 6.1 mL of tetrahydrofuran,
and 5.0 mL of ethylene glycol diethyl ether. Subsequently, 13.4 mmol of n-
butyllithium was poured in as an n-hexane solution, and copolymerization of 1,3-
butadiene and styrene was carried out for 1.5 hours. During polymerization, the
stirring speed was 130 rpm, the polymerization reactor internal temperature was
65°C, and the monomers were supplied continuously to the polymerization
reactor.

After the polymerization had been carried out for 1.5 hours, a solution of
11.0 mmol of Molecular Sieves (3A)-dried bis(dimethylamino)methylvinylsilane
dissolved in 10 mL of cyclohexane was quickly charged into the polymerization
reactor under conditions of a stirring speed of 130 rpm and a polymerization
reactor internal temperature of 65°C.

Subsequently, copolymerization of 1,3-butadiene and styrene was carried
out for 1.5 hours by continuously supplying the monomers to the polymerization

reactor. During polymerization, the stirring speed was 130 rpm, and the

polymerization temperature was 65°C.
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16. A process for producing the conjugated diene
pol ynmer according to any one of Clains 1 to 9, the
process conprising steps A B, and C below (Step A a
step of polynerizing a nonomer conprising a conjugated
di ene in a hydrocarbon sol vent by an al kali netal
cat #Afiestthe tpulgmerization bad bepngareed duefer pol lyows, a solution of
having at a polyner chain term nal an al kali netal
11.@rmgichaefi Mplécwan Sievad K3A)-dried abis(dimethytaminosnethyBjinysilane
step of adding a silicon conpound represented by
dlsscxb\rem ina 101 ML) ofbeychohexang waa rasdetdy @hasgﬂmtnt@ rth@fpwmerlzatlon
conj ugat ed dj ene pol yner having at a ymer chain
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foré'nllhljte and (Step C) a step of adding a nononer
I'sing a conjugated diene to a hydrocarbon
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pol ynmer chain termnal a structure in which an alkali

wasnsﬂzﬁb ahd $hé ahidudt bf Sifréie alfslicd was 2569 ?at alyst is
bonded to a constituent unit represented by Formul a

(1) betlﬂ;/\ﬁo lyhied solltiomewerd acdedna Srgnefnterdbutyhs-(3-tert-butyl-2-
pol yner aln termnal, H2C

hydroxy-5-methylbenzyl)-4- methylphenyl acrylate (trade name: Sumilizer GM,
manufactured by Sumitomo Chemical Co., Ltd.), and 0.9 g of pentaerythrityl
tetrakis(3-laurylthiopropionate) (trade name: Sumilizer TP-D, manufactured by
Sumitomo Chemical Co., Ltd.). Subsequently, the polymer solution was
evaporated at normal temperature for 24 hours, and further dried under vacuum at
55°C for 12 hours, thus giving a polymer. The results of evaluation of the
polymer are given in Table 1.

100 parts by weight of the polymer thus obtained, 78.4 parts by weight of
silica (trade name: Ultrasil VN3-G, manufactured by Degussa, Inc.), 6.4 parts by
weight of a silane coupling agent (trade name: Si69, manufactured by Degussa,
Inc.), 6.4 parts by weight of carbon black, 47.6 parts by weight of an extender oil
(trade name: X-140, manufactured by Kyodo Sekiyu), 1.5 parts by weight of an
antioxidant (trade name: Antigene 3C, manufactured by Sumitomo Chemical Co.,
Ltd.), 2 parts by weight of stearic acid, 2 parts by weight of zinc oxide, 1 part by
weight of a vulcanization accelerator (trade name: Soxinol CZ, manufactured by

Sumitomo Chemical Co., Ltd.), 1 part by weight of a vulcanization accelerator

(trade name: Soxinol D, manufactured by Sumitomo Chemical Co., Ltd.), 1.5 parts
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x4Si x6 15

by weight of a wax (trade name: Sunnoc N, manufactured by Ouchi Shinko
Chemical Industrial Co., Ltd.), and 1.4 parts by weight of sulfur were kneaded by
means of a Labo Plastomill to prepare a polymer composition. The polymer
composition thus obtained was molded into a sheet using a 6 inch roll, and the
sheet was vulcanized by heating at 160°C for 45 minutes, thus giving a vulcanized
sheet. The results of evaluation of the physical properties of the vulcanized

sheet are given in Table 1.

(Table 1)
Ex1 | Ex2 | Ex.3 | COMP-| ComP- gy
Ex. 1 Ex. 2
Mooney Viscosity - 44 36 41 38 40 51
Vinyl content % 60 59 59 59 59 59
% b
Styrene content % by 24 24 24 25 25 25
weight
Molecul ight
olectiar weig . 110 | 108 | 118 | 114 | 110 | 1.36
distribution
Fuel economy
tand (70°C) - 0.145 | 0.124 | 0.115 | 0.197 | 0.113 | 0.117
Grip properties
tand (0°C) - 0.929 | 1.061 1102 | 0679 | 1.114 | 0.725
Processability - 4 4 4 4 2 3

43



wherein X4, X5, and X6 independently denote a group
represented by Formula (11) bel ow, a hydrocar byl
group, and at |east one of X4, X5, and X6 is a group
represented by Formula (11) below,. wherein Rl and R2
independently denote a hydrocarbyl group having 1 to 6
Clagas bons, asilyl group, and Rl and R2 may be bonded
so as to fo together with the N atom a ring
1. str u%pgmelgatgrgzdlaqepolymer ca@npriging:

a conjugated diene-based constituent unit and a constituent unit
represented by Formula (l) below;

the constituent unit represented by Formula (l) being present between a
conjugated diene-based constituent unit and a conjugated diene-based
constituent unit; and

the content of the constituent unit represented by Formula (1) being 1 unit

or 2 units per polymer chain,

CH,—CH
X! —si—x3 (D
XZ

wherein X', X?, and X independently denote a group represented by Formula (II)
below, a hydroxy group, or a hydrocarbyl group, and at least one of X', X2, and X3

is a group represented by Formula (11) below or a hydroxy group,

(ID)

wherein R' and R? independently denote a hydrocarbyl group having 1 to 6
carbons, or a silyl group, and R' and R? may be bonded so as to form, together
with the N atom, a ring structure.

2. The conjugated diene polymer according to Claim 1, wherein R' and R? of
Formula (ll) are independently a methyl group, an ethyl group, an n-propyl group,

or an n-butyl group.
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Si x2 wherein X1, X2, and X3 independently
denote a group represented by Formula (11) below, a
hydroxy group, or a hydrocarbyl group, and at | east
one of X1, X2, and X3 is a group represented by
Forrmula (I1) below or a hydroxy group,

3. The conjugated diene polymer according to Claim 1 or 2, wherein two of

X', X2, and X3 of Formula (1) are a group represented by Formula (Il) or a hydroxy
group.

4. The conjugated diene polymer according to any one of Claims 1 to 3,
wherein, with the content of the conjugated diene-based constituent unit as 100
mol %, the conjugated diene polymer has a vinyl bond content of not less than 10
mol % but not more than 80 mol %.

5. The conjugated diene polymer according to any one of Claims 1 to 4,
wherein it comprises, in addition to the conjugated diene-based constituent unit
and the constituent unit represented by Formula (l), an aromatic vinyl-based
constituent unit.

6. The conjugated diene polymer according to Claim 5, wherein, with the
total amount of the conjugated diene-based constituent unit and the aromatic
vinyl-based constituent unit as 100 % by weight, the content of the aromatic vinyl-
based constituent unit is not less than 10 % by weight but not more than 50 % by
weight.

7. The conjugated diene polymer according to any one of Claims 1 to 6,
wherein the conjugated diene polymer has a Mooney viscosity (ML1.+4) of not less
than 10 but not more than 200.

8. The conjugated diene polymer according to any one of Claims 1 to 7,
wherein the conjugated diene polymer has a molecular weight distribution of not
less than 1 but not more than 2.

9. The conjugated diene polymer according to any one of Claims 1 to 8,
wherein the constituent unit represented by Formula (I) is a
bis(dialkylamino)alkylvinylsilane-based constituent unit.

10. A conjugated diene polymer composition formed by combining the
conjugated diene polymer according to any one of Claims 1 to 9 and a filler.

11. The conjugated diene polymer composition according to Claim 10,
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wherein R1L and R2 i ndependently denote a hydrocar byl
group having 1 to 6 carbons, or a silyl group, and Rl
and R2 nmay be bonded so as to form together with the
N atom a ring structure.

wherein the amount of filler combined is not less than10 but not more than 150
parts by weight relative to 100 parts by weight of the amount of conjugated diene
polymer combined.

12. The conjugated diene polymer composition according to Claim 10 or 11,
wherein the filler comprises silica.

13. The conjugated diene polymer composition according to Claim 12,
wherein the amount of silica combined is not less than 50 parts by weight relative
to 100 parts by weight of the total amount of filler combined.

14. The conjugated diene polymer composition according to any one of
Claims 10 to 13, wherein it further comprises a vulcanizing agent and/or a
vulcanization accelerator.

15. A vulcanizate formed by vulcanizing the conjugated diene polymer
composition according to Claim 14.

16. A process for producing the conjugated diene polymer according to any
one of Claims 1 to 9, the process comprising steps A, B, and C below

(Step A) a step of polymerizing a monomer comprising a conjugated diene in a
hydrocarbon solvent by an alkali metal catalyst, thus giving a conjugated diene
polymer having at a polymer chain terminal an alkali metal originating from the
alkali metal catalyst,

(Step B) a step of adding a silicon compound represented by Formula (lll) below
to a hydrocarbon solution of a conjugated diene polymer having at a polymer
chain terminal an alkali metal originating from an alkali metal catalyst and reacting
the silicon compound with the polymer chain terminal, thus giving a conjugated
diene polymer having at a polymer chain terminal a structure in which an alkali
metal originating from an alkali metal catalyst is bonded to a constituent unit
based on the silicon compound represented by Formula (lll), and

(Step C) a step of adding a monomer comprising a conjugated diene to a

hydrocarbon solution of a conjugated diene polymer having at a polymer chain
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terminal a structure in which an alkali metal originating from an alkali metal
catalyst is bonded to a constituent unit represented by Formula (I) below, thus

polymerizing the monomer at the polymer chain terminal,

H,C==CH
X—-g8i—x5 (I1D)
XS

wherein X*, X5, and X® independently denote a group represented by Formula (1l)
below, a hydrocarbyl group, and at least one of X* X° and X° is a group

represented by Formula (l1) below,
/
—N (I1)
AN

wherein R' and R? independently denote a hydrocarbyl group having 1 to 6
carbons, or a silyl group, and R" and R? may be bonded so as to form, together

with the N atom, a ring structure,

CH,—CH
X —§i—x3 (I)
X2

wherein X', X2, and X® independently denote a group represented by Formula (Il)
below, a hydroxy group, or a hydrocarbyl group, and at least one of X', X?, and X°

is a group represented by Formula (I1) below or a hydroxy group,
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(II)

wherein R' and R? independently denote a hydrocarbyl group having 1 to 6
carbons, or a silyl group, and R! and R? may be bonded so as to form, together

with the N atom, a ring structure.
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